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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a C surface-singly oriented epitaxial film by forming a 
perovskite type or tungsten bronze type dielectric material film on a thin film consisting mainly 
of Zr02 and formed on a semiconductor single crystal substrate. 

SOLUTION: One or more epitaxial thin films containing zirconium oxide or the zirconium oxide 
stabilized with a rare earth metal element (including Sc and Y) are formed on a silicon single 
crystal substrate having e.g. a Si (100) surface on the surface. An epitaxial film of perovskite 
type or tungsten bronze type dielectric material is formed on the oxide thin film. Thereby, the 
laminated thin film formed from the perovskite type or tungsten bronze type dielectric 
substance and having an oriented thin film subjected to a C surface single orientation in parallel 
to the flat surface of the substrate, and an electronic device substrate provided with the 
laminated thin film, and an electronic device provided with the laminated thin film are obtained. 
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-^X®* hn^jrJU/<y (SBN) ^fctt-rf" 
XSfc^y^ft (PBN) -CfoSff^KDfflg^jffip 
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io [HM13] msSR^to^yf^^i/^^m^^u-f 

^t&*it\±ztib<ommw*^f$,ftk-rz>m#i%i 

2 0^^#Ko 

1 4 ] ABCH&aMtiftHr ASK** S i ( 1 0 
0) ffiSr*B^*-f5S i»MSStfcoT, COS 

>f h [100]//Si [0 10] tfc6fl[#*12*fc 
W: 1 3 <7>;f£JI?iglIf| 0 

[R««i5] si (i o o) m*mm\z^~fz>s i 
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[MM18] Si (10 0) KiKt«Si 
SfiSlffi £ WfTlZ c S * fell a bfccn tT^r ^ 

i 9 ] mm&mfc Pt, I r , O s , R e , 

40 PcK Rh&£X$Ru(D?h<0'J?te< ^tl«Sr^tfA 
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2 2] «MB S i £ IEfSjSIMO*Satt*tt 
Blftj&S^a h^fcfl^i/^T^c/n^X [l 

0 0] //Si [0 1 0] t?*fcl»#*2 lOtJlftlfc 
[MM2 3] DCS i »S«Liafi»Bi 

tcltf^SXT^n^X (0 0 1) //asstesm (0 
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2 5 ] |IWBIMk«lWJB«IMfc^/V'=='=- 
fctt*±£&«7£* (S c*3j:t/Y4r&tri 
<k*ttfc|ft<b^=ani>AroJ|a*dSZ M_ X R X 0 2 -5 

9, x = 0-0. 75, 6 = 0-0. 5T-&6) T*£>5 
if#*l-5, 7, 11. 12—14, 17. 2 4<Dl> 

»3BSr<0^<»fifc5c*©^^aHfLTZ rSr9 3mo 
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8 0%#*, Sip^^ 5 0 Onm^O+^^fflSR z #2 
nmJ£JlTT^5IS^l-5, 7, 11, 12-14, 1 
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1-5, 7, 11, 17, 2 4 — 2 8 0tvf*lftt0fRJ| 

9<z>ajf??si£ 0 
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lit** 3 3 ] i-3i «n>i* H^oaearK 

[«#* 3 4] Si C <D S i **£&S« 

_hK, K^v?^=»^^^*fcf**±ia&R7c?S (Sc*5 

10 tt^O*A, *iit;z r ifcttZ r ^>4< It 
<n*k±m&R5t% (s c*3J:c^Y«:*tf) 

[SS#*3 5] «HE»<b^3^?A**:W:*±!B* 
Ptc^ (S cfcitfYSrgtri fcJiDKSftSftfcBMb 
Zr H R x 0 2 -8 C:t, RltS 
c*5J:t/Y«:^tp*±JB&«5c*-e«)5. x = 0-0. 
20 7 5tfc^ 0 5 12 0 — 0. 5t*fc6, ) O^co 

fc<^-e *>*>»#* 3 4<Dmmmm<n$tm*&o 

[»^«3 6] MIES i **g,fiKSt£ LT, 
IC, Zr^fc«Zr*5j:^^<^ 1 blS^«r±«^JR 
tc^ (Sc*iJ:tfY*:£tri <b, **4:^J:0^*n 
fcixi o^®«^^^i"6 s i *EM&sx««rJ8i^ 
g»#* 3 4 £ fen 3 5 (ommmmnmmx&o 

m^ms 7] mms i mm&mmms, s i mm& 
mmmmtmis o. 2- 1 onm^s i Mimm&m& 

t>S«Eifi€f iO^BBft^KlR^JE*: 1 x 1 o " 4 - 1 x 1 o 
^TorrctU ffiffSS i KfisM^VA^n 

tcmfamm^ Zr*tllZri:/>4<HliO*± 
SI^JR^Ig CSc*3j:t/Yfc«tf) fcfc*»$*TflW& 
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i*:tffl«#(t©*a^*rf:t?tt, SQUID, i?B±y 

<bl-Hi^LSl, SOia«i:J:61iM«LSl s 
^nm&tfJs ^»ir>^-, **»l»J3J:tf* 

5^f v OEIC (3fe • «^*fllE)& : opto-electro 
nic integrated circuits ) ^J^iW^ftXl^ 
[0 0 0 3] rH^a«»<W»4fc»»*»:*m«r« 

fc ttflSWf*:^ fcf * * ^ ir * *t 6 o 

[0 0 0 4] jSfflftlCtfttOfc-B, *5fc*»ftttie«* 

£11, m^^w^^FTIBXfe^o S 
i StSI-^t^^v-^^SLfcYSZ (Z r 0 2 I-Y& 

HS!Kjk*-C»)6yBC0*5J:t/Bi»<Ojae»lK 
^3it: 0 ^ar^-r^S^^:5C<b^^ Appl. Phy 
s. Lett., Vol. 54, No. 8, p. 754 
— p. 756 (1989), Japanese Jou 
rnal of Applied Physics, V 
ol. 27, No. 4, L 6 3 4-6 3 5 (1 9 8 8) 
*5J;tf#M¥2-8 2 5 8 5^«|c:JB-<e>nT^6o 
[0 0 0 5] W:, YSZtt, 1WS ijgfi^te^g 
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MS»K*©/<y7T*tfcLT* Silfii^YSZi 
[00 0 6] Lj^Lft^ib, rn*T% 

SixXl^^n:/**^ hSM«ill, Y B a 2 C 
u 3°7~x (YB CO) „ BiSrCaCu 2 O x , L 
a S r C0O3 fc^XfctK t^tl^n^^i;^ h 

mM-?1bZ>K2 N i F 4 1, Nd 2 Cu0 4 1, S r 3 
10 Ti 2 o 7 SJtt^teftWSg*^*, C^<t5 4ffi^ 

Appl. Phys. Lett. 57 (11) 1161-1163 (1990) ICxg^ 
(001) //YSZ (001) //Si (100), fr>oYBC0[110]//YSZ[l00]/ 

/si [010] YBcooijMftft^-ttu ysz <d&*\zi$ 

20 [0 0 0 71 U^U 3§^#e><^f*TOTaTi0 3 , SrTi 
0 3 , PbTi0 3 , PZT , PLZT4^<D»*fi-<n^^*>f hfllat 

BaTi0 3 (001)//YSZ(001)//Si(100), ^)^oBaTi%[ll 
0]/ASZ[100]//Si[010]Oj: 5 BaTiO^m&l&T- 
YSZ ^ll^ltc ®^T*45° IflJgtT^^I 

[0 0 0 8] wftte, BaTi0 3 , SrTi0 3 , PbTiOjj, PZT , 

^d^^^ h#Bt^(0Ol)ESifi8*^(iio) g£f6j<!; 
T, *tt-<o^*>f h«3So(001) eft^fcT**^-* 
[0 0 0 9] ^^X, BaTi0 3 , PbTi0 3 , PZT , PLZT& 

40 BaTi0 3 , PbTiOj, PZT , PLZTfc ^^IRS^^Ii 

X, ^^U -^rtbb©3aR«#BISr*iJffli'6fc«)lc 
tt, (001) IE^«SrffiV^6i^5l* s *)6o L**U 
fcJ:5lw, Si±tdYSZ$r^bXBaTi0 3 , PbTif>j, PZT 

fc»&, (001) (E^^fc p ^^v'-r/^Kdsrix*-c#e> 
tLX^/i^ofco 
[0010] 

50 tt, c®*--g£fS]^*)|3fi-<ny^^^ hM^fc«^^>/ 
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[OOll] Z<D± ote&m&te&'IrZtcibl^ 
[0 0 12] 

[^JS&^ft^Sfcfco^MS:] JUfrWldtt. ceo j: 

TIE (l) - (4 1) <D#3§WK:J:!9^/££;ix 

So 

(1) *mt*&i£&mm±\mimmm&M!8,ztix 

^JItE^ (S c*5<tt/Y«r$tf) KiBS^bStLfcBft 
Ufc^tf**i^/H*JK&'> 
4<H1S^ coiMb«»«J:l^n:/*#>f h 

(2) ftfrlE^P hS*fctt*>*'*7 t >':/ci 

hoyf^, iM^^^v^fa (pzt) s 
^hnyf^/<]/^ (SBN) 

y (pbn) -e&5_bis (i) offlg*jBi 0 

( 3 ) RGeAffWSx if* ^v^^/HKT?*)6±IB 

(i) (2) (nmmmm* 

(4) SttlB^*fr¥3iefiSS[^S i (10 0) i^i 
^y^ry/nyX[ioo]//si [0 10] tfe 

*±!B (3) (O^gSl^o 

(5) Si (10 0) I^ICtnSil^T* 

li^y^fy^pyx [100] //s i [oio] x* 

(6) ttfta^n^^^^r hM^/cte^^x^u 
yXgwttWJ, f^>B/<y^A N f^y»^hpy 

v?/W=i^^vK«& (PZT) s -^K* h 
Pi/^^/^y^ (SBN) 
$S (PBN) T?*>5±1E (5) cO«^»^ Q 

(7) mflES i *»fiK«tlBlPl»IK4:OB(»wK^b^ 

3&s^R**iTv^s±ia (5) ^7tn (6) (ommmmo 
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(8) ¥#fc¥J£i&S«LtJ-, 

(9) m&*^?*Tis'?u^xw8mK ~*-?wt 

^hpyf^A/q^ (SBN) *fc«:^*-:/«'<y 

(pbn) -c&s±ia (8) (offlnaiBio 
do) «ne¥*#¥«IAXIK3d^ si (ioo)l 

*mm^-ths i«eiifi7fc£±c (8) 

(9) (^fflB*R 

io (id mfc*mftm£&mmt&fammh<nm\^ 
mki?^~vj>>iziz)frft±m&m,7hm (sc^mr 

nmttfrwt&tix^z>±& (8) - do) ©v^-fix** 

(12) SMb^==«>A**itt#±ia^JR5n* (S 
c*jJ:t/Y«rS*ri lcJ;D^^b$n^:SWb^^^!> 

e*^^^^/i/|«T*fc6ffi^»Igi:^tf^bi»*K^^ 

(1 3) miE^2O^ct: 0 ^^r^-r/^^-<ci^^X7-r 

(14) ffirE*»#*3|iS»**E*s S i (1 0 0) BB* 
Sffil^ttSS i TOSfitfcoT, C(DS i 
**A:ei^l»W<otefttt^ttB8«^ci^*>r h [1 

30 0 0]//Si [0 10] T*fc6_hlE (12) £fcte (1 

3) mmmmm. 

(15) Si (10 0) BMBIw*t6Si»8ft 
i^firl^ c B5*fctt a SEft Ufc^ If* 3rv^ A< 

(16) atna&jna* pt x i r% o s . Re, pa, 

hmimxtbz>±m (i 5) 
40 (17) ^ies i mm&mfckmmmmmmk<Dr$ 

fc, ^b^v = =^A*fctt*±«^K7ciR (Scfci 
0*Y£3tf) tc«fct/^Yb$ixfc^bv?/^^^^^* 

itmnm^m^tix^^±m (15) *fc« (1 6) 

(18) Si (10 0) S^tillttSS 

a&K-hfc:. AJH*fctt*«ttlWb*'C*fiK$tt. steai 
50 tc, ^d^*^ hf^fctt^y^fyypyxstt 
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(19) ffirSa&JRdSP t. I r . O s. R e. Pd, 

^^-f \*mityox*hz>±m as) o^sim, 

(20) «fiiaifi^^^-<D^^^^ h^^fcii^v 

^hoyf^ 4 if;\'='>^*^mii (PZT) . ~ 

hpyf^^/^y (sbn) ^fcii^^j-^ 

®^y?^$a (PBN) Tfc<5±fa (18) £/cte (1 

9) <DmMMti£» 

(is) - (20) (D\,^-rtifa<Dmmwm 9 

(22) m^s immt mfammvft&mjr&mms 

^azfxX't hl£tite*>iy*T>?v>X [10 0] 

//s i [oio] xhz>±m (2 i) (Dmmnwko 

(23) Mies i ^m^gEfi^jgiisitf 

V^^xV^n^X (0 0 1) //^m^^ (0 0 1) 
//Si (10 0) T*£>£-tfe (1 8) - (2 2) tfHvf 

(2 4) mies i &&&&fckmm&&fomimt<Dr3 

jfc^J^^ix 4 LfcJifS (18) - (2 3) ov^-rn^ 

(2 5) mrlS^bfe^co^b^^^^A^fcif^ 
±S^m7C^ (S c*5J;tfY£-g-tiO \^£V£7£it£ft 
t^miti>^^-V^<Dm$LfrZ r !_ x R x 0 2 _S 

= 0-0. 75, 5 = 0 — 0. 5T*£>6) X&>Z>±M 
(1) - (5) . (7) . (11). (12) - (.1 

4) . (17) , (24) (n\^-?)xfr<ommmwk 0 
(2 6) ti\mmimmm<DMiti>^=t~<?j*j)K mm 

£<Djf < mf&7zmcO^\Z&% LTZ r^93iaol%^±^ 
^"f 6±I5 (1) ~ (5) . (7) . (11). (1 
2) - (14) . (17) . (24) - (25) 0Hv? 

(27) mwmitmnm<D (002) ^wcop^^> 

(7)^*1^1. 5° j£JLT-e$>6±fE (1) - 
(5) . (7) . (11). (12) - (14) , (1 
7) . (2 4) - (2 6) (D\,^~ftlfr(Dmm»mo 

(28) m^mmmm^nmn-t <^<ti>so% 

ri*. mW&Z 5 0 0nra^+^¥^ffl£R z ^2nmJ£AT 
T^5±1E (1) ~ (5) . (7) . (11). (1 
2) - (14) . (17) . (24) - (27) OV^f 

(29) Mifi8£fc^JBI# , §£1 = fi 
^±S^Jl7C^ (Sc£>J:tfY£^tiO T*2c^£;*xfc 
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I2^^^^t/Hm< <ht>^±ia (i) - 

(5) . (7) . (11). (1 7) . (24) - (2 

8) <D^-rtifa<Dmmmmo 

(3 0) flfHS^2 0^e"^^^-t/V^(7)^ny^^^ 
^*/clicne>coS^^^^^-re±IS (2 9) <£> 

io on wigs i m&ihmfok. mm^v7x*>( h 

^n^^>( h [ 1 0 0] //S i [0 10] XhZ>± 
IB (2 9) (3 0) 

02) ±12 (i) - (3D w-rti**>mmnm 

(33) ±ia (i) ~ (3D cov^n^aisawK 

(3 4) Si DUMSfiu COS i *j£i&&EJ:U:, 
^bv ? ^^^^^^fcl^±«^Jl7t;^ (Sc^Y 

fammk&ffi^zmmmm<Dmmir&xh^x, 
&x\ s i *t*&mm<amm. n&mft~<nmk&tf* 

<7)*|A. teXUZ r TZtzteZ r 1 1> lH(D#± 

o^tc«t5^^m\ tiiia*^st5co^®i-. w 
30 as»jK<ojHit*fec 

(3 5) «TlBiWk^V/ri = ^A*fett*±JBAJR5ciR 
(Sc*$J:tfYS:*tri iJiJ;t)ft*jt:**tfclMb^/w= 
Z r i_ x R x 0 2 -S (CwT*. RfiSc^j: 
t^Y*^tf*±«**5ctR-e*)?)x x = 0-0. 7 5 "C 

fr£ 0 £fc. steo-o. 5tfes 0 ) <Dm&<ni><bx 
&z±m (3 4) ^a^«j^oj^it^fe 0 

(3 6) MISS i^MS^tt, Z 

r*fcttzr*5j;tf/>i<tfei n<n$i±m&m7cm 

40 x l <^affi«5gS:«-i-* S i *ffi«i3ffiSSS:fflVN6±1E 

(34) (3 5) 0«^?Wflgco^3t^fc 0 
(3 7) ItCSi f®«SK^\ S i 

ffiJdJ¥S0. 2-lOnm^S i^l»*U w (D 
SffiMffi^6 0 0-12 0 ox:«wK^i-6t fct 

i£^0#ia^O^^/£^ 1X10 " 4 -1X1 0 _1 Torr 

<tL. :«t\ aulas i mkmmtm&isfiti&WL 

yzm (S c;teJ:tfY«r&tri ^i^$^TM«d 

50 <bidj; t)#^H/c^^T*fc<5±ie (3 6) (Dmmnm(D 



11 

0 s) miss i mmm*w,&*%n. mat** 

t*AUItffllrt^ S i ^Mffi^3 0 0-7 0 

coK*»ffiSr 1 x l 0~ 4 TorrJ£*±i: Lt\ S i KftW/i 
*rJMW-6±B (3 7) (DSfSapM(DJKig*fe 0 

(39) fflias i jnmsikoxsk:, *©jS«**6 

«»J:9iMttt^^5>BEfl!)!Bv^H*«:fP6±lB (3 
4) - (3 8) «ov>rixj&^aJS*M^»iS*iSfeo 
(4 0) Wias i **Si&SffiE£, SKSGBBSfts i o 

cm 2 &s±<nh<Dk-tz>tki>\z, mmzmmz^zzk 

^i*l:t)fcot*U -cos i 

(3 4) ~ (3 9) (^V^tLd^aS*K^»!jg*feo 

(4 l) mz*Xf*->*MRt:l»art&1lk. ffiISS 

1 *lgfi«ffiS:7 5 0X:£l±{^m-tZ>±tt (34) - 
(4 0) o^i"ixd^a«aMt^»ig*«feo 

[0 0 13] 

mfammx&z&m^*?**^ hmz&m^t:** 

is 6 - fc -6, £ 6fc«*.tfBaTiq 3 -Zr 1 

_ x RxOj-5-Si "Cfl. S*ffiBi#SrBaTi0 3 (001)//Zr 1 _ x 
Rx0 2 - 5 (001) //Si (100) % d^o3|tft*fc*fl!:$:BaTi03[l 
00]//Zr 1 _ x Rx0 2 - 6 [100] //Si [010] "CJ***** C £ Id 
J: 9, (001) RfaOBaTi0 3 MK£#6££tf^#6 0 * 

(K 2 N i F 4 

(9U B«fW». **«fctf&flL »«ttKMb««|f^»« 
[0 0 14] WU:, *#»K«:t-oaBrt-eiHME* 

*Sfc#^r± % 1 Ocm 2 Sk±(D±m9^— X*il« 0 nS^ 
[0 0 15] **3. ra?2-2 58 7 0 0^*C 
(BaTi0 3 ) 4L«AR«r#IK*TAdtl^ Z<Dlgttl\Z.tb1t 

&fe<D&fam&i><>t£&&*R^z&ffi&to&%ft>x^ 

■ft*-* CiKiflttCfcT, B*tt:B8«!& s BaTi03 (00 
D//Zr 1 _ x Rx0 2 - 6 (001) //Si (100), ^oBaTi0 3 [100]// 
Z ri _ x Rx02- 5 [100]//Si[010]T*&6^t°**v'-r/H^ 

©***s^rtBiwft«. s i (ioo) 

^§ttfcfflfieZr 1 - x Rx0 2 -6 (w^T% R fct S c *S «fc 
Y£^tr#±S&JRTfc!K x = 0-0. 7 5, 6=0 
-0. 5-C*>5) OKISfttt^o^ t^/PTNRMfe*: 
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«<DSDfRffi£&850 ^^OOt; BaTiO^ 

$cOMit$Ba/Ti^0-lttS (BWhM 

£ifc:J:9Si»KJb-C<00l) 
*i/^tvmS$L&* Wfgl- LTl^£ 0 B a T i 0 3 £Jl*<D 

10 [0 0 16] £bK» -LfE4£li^2 - 2 5 8 7 0 0^ 
«KBB^£ftfc8«H:, 1 Ocm 2 &>± <njzmm 

RL 4#H¥2-2 5 8 7 0 0#4*«lCt>, S«B»2. 
2 5cm 2 (II15X1 5mm 2 ) (^H^J^^^f C :ft"C i $? 

laot, Sffiffiffll Ocm 2 «±«rwTtBJ-b"C^6o 
[0 0 17] 

20 (S c*iJ:tJtYfc*tri i:J:D$3£ftSnfciWk^3 

&£tfz<omimmm&Ti&mk Lxt<o±i^-<ay^ 
ti. mmmmkwftizcmmfa. (ood se 

[0 0 18] 4*3. *M*ffl*JCl*5Jt6»-BarnI[BltW:. 
fl*ac -S 0 «x.«. (0 0 

i) m-manm. -ttefrhcmm-mfamtt, mo 2 e 

-BX^mif (XRD) X (0 0L) ffi£Jl^.<OKi*3jlK 
(00 L) tf-^ 1 0 %»T. 

V^T (0 OL) It (001) ^ (0 0 2) ft £<DmS 

tm&tm-tz^x&y), (loo) *^jcov^t> 

[0 0 19] *M*B*-feV^T^tr^^Vir^R 
40 fctt % iBrtftX-YBtU mm*fa*Zlfok Lfc^ 

tf x (0 0 1) ^ fc^^irA'JK. i-^^^cS^t^^ 
^^•r/i/K-ctt^ 2 e - e xm\B\tfrX* (ooD ffi 
tt^otr-^SMf* 5 , (ool) 
l 0%^ »*b<W:5%6JlT-e*)6, III:, RH 
50 EEDMt^sKy h^fcli^ h y — ^/^- Z/&7frt 
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/HR^x.*, RHEEDirlt KWB^S^jS 

H]#T (Reflection High Energy Electron Diffraction 
) RHEEDMll HSffi^l-*3»t63^fttt 

[0 0 2 0] *«^n^^>f hS«3gtt, ftf^AB 
O3 T^£*l£ 0 A^tfBfi^ft^h^n:/ 

&*ffi'(*>'&mi-, AliCa, Ba. Sr. Pb. 
K. Na. Li. L a*JctOfCd^A>Stfttfcl««± 
T^S^^^K, BteTi. 2r. TafcJjltfN 

[0021] :)L^p^^ hS<fr&«>K*5tt6 
A/B^^/V'JfififcJfcfitO. 8-1. 2tfcD> £<blwte 
0. 9 — 1. lXh^Zk^m^^\ A/B%Z(T>^ 

CftlCtfU A/B#0. 8*«[-CttlS*ttO»»a* 
ii«W<ftoT<5, ^fcA/BdSl. 2&C;L6<>: 

«?<fc5*A/B<o»j«tt;», ^*#£«i«<oj;51wffl 

Jt3 0<D#fl/£te. 3tC|JS;££;H£t><^T*te#V\, -^n^ 

BO x (^^-C, x<Di&IZ2. 7 — 3. 3t*)5rt^ 

[0 0 2 21 tmfcG 
^^Ltf^ A H B 5+ 0 3 . A 2+ B 4+ 0 3 s A 3+ B 3+ 0 
3 . A x BO3 . A (B' 0 .67 B/y 0.33) °3 * A 

<B' 0 .33 B ^ 0.6?) °3 * A (B 0>5 +3 B 0 . 5 +6 ) O 
3 . A (B 0 . 5 2+ Bq.5 6 * ) O3 x A (B 0 . 5 1+ B 

0 5 7 + ) O3 . A 3+ (B 0 . 5 2+ B 0 . 5 4 + O O3 . A (B 
a25 1+B o,75 5+ ) °3> A (B 0 . 5 3+ B 0 . 5 4+ ) 

°2.75* A (B a5 2+ B 0 .5 5+ ) o z7b m<D^-rtixh 

[00 2 3] JUWftl-te. C a T i O3 . BaTiO 
3, P b T i O3 . KT a 0 3 . B i F e 0 3 . NaT 
a O3 . S r T i O3 , C d T i O3 , KNb0 3 . L 

1 N b O3 . L i T a O3 . P 2 T (PbZrO a -P 
bTi0 3 I) . PLZT (La 2 O3 &ffi%U£*ltcP 
b Z r O3 -P b T i O3 Ik) ^(D^P h$^<v7 X% 

[0 0 2 4 1 P L 2 Tfi. PbZr0 3 ~PbTi0 3 
*©B*#tfc5PZTi:Laj&s K-^SnWk*«t- 
*>*K AB0 3 ^HIS(^^l^ A = Pb 0 89 - 0 91 L 
a 0.11^0.09^ B = Zr 0.65 Ti 0.35^^ < Pb 
0. 89^0.91 L a 0. 11~0.09> (Z r 0. 65 T 1 0. 35> °3 
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[0 0 2 5] *^0^lcffiv>^>^i:^^t.v^^-<ci^ 

m^vZf^Jj-i Vm\\&mX*>*)s #JxtfB a T i O 
3. SrTi0 3 , PLZT, PZT, C a T i O3 . 
P bT i O3 Qtmt. LV\> 

[0026] fistrxT^ya^xmmmn. <t^A 

B 2 O e T^^tiSo cr^A*5J:i^Bli. -tivWi* 

10 ^ hCA^f^i-ft^to AfiCa. Ba. S 
r. Pb. K, Na. Li. Cd. Sc. Y&£Xfft± 

te. Nb. Ta. T i*S&XfiZrfrbmt£tl1timSk± 
XhZ>Zkt>m&^\ 

[0027] :Hfc^^ry^oyxittfti: 

*5Jt6A/B^^jflfi8;JtttO. 3-0. 7-Trfct). $ 
^l-«0. 4-0. 6X+3bZ>Zk1>miils\<\ A/B 

£*tU:#U A/B^o. 3*«"CttJSfttt^ac 
tM^a*^<^ot<6o ^fcA/B^O. 7^rr 

£ 0 rcoj:5*A/B©a^Jttt, J«8l*#=«:»*<&.fc 

5 £ k iaoX^t5 0 ^fc_h^OAB 2 

30 5. 6 — 6. 3t&5Ci^t U\ ^fcA/B(Da 

[0 0 2 8] *HMlI*5tt5^>^f^DyXStt 
^LTJS. g^m^W^OLandoit-Borenstein Vo 

1. leiEfto^^^^^^yD^XMWWov^-rtt-cfc 

ottJ:V>. AftttWl, (Ba, Sr) Nb 2 O e . 
PbNb 2 0 6 . (Pb, Ba) NbO e> PbTa 2 
Og, BaTa 2 O g . PbNb 4 O n , PbNb 2 0 

6 , SrNb 2 O e> BaNb 2 O e %£k%:ft,b<D^ 

40 [0 0 2 9] ±m<0?hMm<D&ffi'<v7x$4 

PZT, SBN ( (B 
a, Sr) Nb 2 O e ) , PBN ( (Pb, Ba) Nb 

2 o 6 ) mmifammn^¥?*i/^;vm 

[0 0 3 0] **WCfl, «^n^*-r 

d^o^^^f (k 2 n i f 4 mmm<nit 

mz>Zki>X%Z>* 
50 [0 0 3 1] itt^P^*>f h^OHB i ThM 
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* B { 2 a id-1 B m °3m+3 

JtKSfcfclfc^T, mttl~5tf>fiS&, A 

BU Ca. Sr. Ba, Pb, Na, K*5j;tfc$r 

±m7tm (S c*5J:T*Y«r£tri ov^-rn^-efeD, B 

te. B i 4 T i 3 0 12 , Bi 2 SrTa 2 O g ,Bi2 
SrNb 2 0 9 fc£jWH*f&*ia„ *J8«m -tt^ 

[oo3 2] /Bv^ssns, *je*x*>o^ #y 

(10 0) B«rS*R»ffi^*-6«t5Jcfflv^^^^»* 

[0 0 3 3] ffleer4«MI^ s i 2:<ottAH£ttnff» 
Xd^^;^ h^t^^7^oyX [10 0] 
//Si [0 1 0] ~e$>Z>Zkt>W&V1<\ 4*5. Sitt 

[0 0 3 4] 2 ttT*'** M^&MfUR 20 

fi, fiiKiiSi (ioo) ffifcSffiCttssi* 

^jtl^v^r^p>X [ioo] //s i [oi 
0] T**)SBESl»fl!*r«A5o -hiega^J^j^ 
f±, S i ^SSSll-fiSS fcllffi^Sl^LT^ 

[0 0 3 5] lffliE'* hS^fcfi^^^^x^ 
Xp >X5!tt»fl. r*>m'<D #J*s f^^hn 30 
l/^^^ PZT\ SBN*fcf4PB-N-e*>6££jMJ 
*LV\ MIES i W^AXfi^eAffOI^IRKwtl. &te 
i;/i^3^^A*fcW:#±jKAM5c» (S c *5J:t/YSr^ 
tri ^J:5Sfiib*ixfclMI:^3 = 9A*:*rit»i:-#- 
ft*if^*S/^/u»il«r*4< kt>lJi*trWb»W* 

[0036] *&w<owiz<nT*^f v\^£z>mmw& 

»-C«fiK S ft*:* tr * * > -v y^ttx fo 6 SEfRiff K x. 
6„ £*>»£\ ±KK[rJ»1»«, *»ff*»**«±fc 40 

[ 0 0 3 7 ] IttCEMffltOttAfl. SBN*fcttPB 

(Sc^jz^Y^tf) <cj:e»gc^k:$iifciWk^3 
= ^A«:±fiR^ti-63i^^^^ir^»l»*^4< tt 
1 ■£trfMfc*»« J 4MR £ ftTi><5 £ Li \, 
^LT, Si (10 0) 

S i MSSKt$)6r^^8tU\ 

[0 0 3 8] «H(Di4OT^ HCfc&HJIttlR 50 
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2 com tr* *^/i«T?&5§Eft»ffi££ 
Mttrfll*.*. 
[0 0 3 9] f2(Z)xt7^r^Hfi^D^^ h 

f4IB#^-<D^*>f h [1 0 0] //S i [0 10] t 
fc<5C£tf*#£ Ll\ Ctt£?4!B2<0:x.tf**v'-*'A' 
R-Ctt, »8 0%£Jll, »tl<(19 0%K±, J; 
D»*L<r±9 5%£JL±36S % 5 0 0tw~?<D+& 

nm£TF^ SbJC»*L<tt0. 5nm£JLT"t?&<5 0 
T*l*. roJ:5 4TO4*ffl*r»»lJijai?*6 Q 4 
*W»«F^j3V>"C. Wt«lro8 0%£JUtt?R z 

*L/tft»<OlO^0r^J:S:jHSUfc^#^-t<O8 0%£l 

m+THJimmst (afm) icj:i9»j^-c^s 0 

[0 0 4 0] S4or^ heoffl/i»{8Ltlc:f2. ±fe 

[0 0 4 1 ] *H^S5 07^^ H-«fc6««l?*Bt 
tt, Si (10 0) flBSrSffifc^ri-S S i **SSSffiJi 
Pt. I r, Os N Re N P d s Rh^i^Ru^ 
^iilfms&JRo5^'>4< fct l«T7#fi)c£ft6a> 

So 

[0042] tcs i^AXff&eiRinuit^mtw, m 

i-5^tr^^^ + ^*flt^>4< irt>lS^tf»^» 

[0043] ^wvBenTx^i? bicxzmmmm 
si (ioo) ffi&mmz#Tz> s i m&&T~mi$ 

ZtlfcS i mt£&&&i±tZ, P t s Ir.Os.Re, 
Pd, Rh^<tT^Ru^^il<m^^Jl^P^>C0 / >4< 

tr^^i^^^Bt, *5J:^nX^*>f hS^fcfi^^^ 

[0044] mria-<n^^X7-f hft/cii^y^ry 
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PZT, PBN£fc|lSBNT*&6C<h^» 

iff* bv\ 

[ 0 0 4 5 ] m&S i INK j:KAm«>«MkM^ttBNR 
0] //s i [0 10] £*S&$Ur\, 

[0 0 4 7] Mias i ii^JiiHil 

h^fcfl^^^xV^n^X [10 0] //A 

jR£fctttt«ttBfMfe [i o o] //s i [oi o] -e*> 
&cfc*»*uv\ Mimtt (ooi) ga^^^ 

[oo4 8] £jl±, fgi-j&e^r*^* h 

[0049] Il~3, B5~6^7^ hm 

« tf 2 v * L&smm<nm< mmmx * o r t * * \ 

«-»iS i S«OJSft*ttB8«fi, -<n^^^ h [l 
0 0] //Si [0 10] -efc&ctW4u\ cco-< 

ZT, SBN, BiIW^<C^«il*> Pt4 

iffl!)«H«©«*tt*rW±**, cB¥-fi«*fctt3t 40 

^/^§W-W-^MF I Sfltif. * 
^/^Wi#-^^-»*-^»MFM I S 

[0050] m&mmmm<nmti?>i>*~vj**tLn 

ft±m&m7tM (S c*5J:t/Y«r*tr) l-J:9££>ft$ 
ixfclMk^/V=^!>A^>aj*WtZ r j_ x R x 0 2 -5 (£. 
rx\ RI2#±gl&Ji5tiii (Sc*i.fcl/Y*r£tri T-fc 
r) x x = 0~0. 75, 6 = 0-0. 5T'fo6) 
r£tf#£Ll>. 50 
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[0 0 5 1] WKIWktoSWR^ (0 0 2) K^P5/^ 

^*-^oi|M«Bttl. 5° £XTX%>Z>z.ktm*V, 
\i\ ::x\ TBRfitt, mft£> t ^Httfc o . 7° a 

#ico. 4° umx-hz> 0 
[oo52] mmmmmmto&mco s o %«±, #s 

1^500 nmT*0+,£¥i§}§ £ R z L < 12 2 nm£A 

T> i5»*L<»0. 8nmJ^Tx £ e>fc«F* L< li 
0. 5nBKT"C*)5o 

[0 0 5 3] 44i9!<ottJlffii0X*«liK». 

1 _ x Rx0 2 _6 (CCt, R te*±S&JR7C* (Sc*5J:l/ 
Y£*atf) XfcD, X=0— 0. 75, 6=0—0.5 ) tf>^tf* 

^n^**^ H»a*:ttU »fiKBaTi0 3 ^*>6BafilSI 
K^KSftfflS ^®^4M#^BaTi0 3 (001) / 

/Zr^RxO^- 6 (001)//Si(100), 3&>o»fl((|*<fl[|B«^ 
BaTi0 3 [100]//Zr 1 _ ;c Rx02- 6 [100]//Si [010]T-&6*?ti§ 

[0 0 5 4] WC0te¥<D'&&Wfah<DmmX*1?Z, (001) 

®^ r ftH#^BaTi0 3 (001)//Zr 1 _ x Rx0 2 - 6 (001)//Si(10 

0) . ^^oBaTi0 3 [llO]//Zr 1 _ x Rx0 2 _ 5 Cl00]//Si [010] k 

BaTi0 3 tf5*tt»^tt. Zr 1 _ x Rx0 2 _ 6 (^^{^ L 

J;6£, -t<oJ:5*ffiBB«tt«lfi8HII"C*?)> BaTiO^O 

01) //Zr 1 - x RxO 2 > 6 (001) //Si (100), rt>oBaTi0 3 [100]/ 
/Zr^RxOg- 6 [100]//Si[010]COBB«-C«fiK^rfi6T*feS 

[0 0 5 5] i"/j:fe*>, Z ri - x Rx02- 6 SI CO a W^T*^ 
m^0.52TBaTi0 3 <?Da$ftti0.40Xfo5^ N _h|E4 5° ffi 
P fc 9TlaieUT*& J f-S'^-r5BaTi0 3 [110]//Zr 1 - x Rx0 2 _ 6 
[100]//Si[010]<75B8ffi"CW:^^7-f y h^8.4%lr^^ 0 
*»WtC < t6»^«-&H#BaTiO 3 [100]//Zr 
i-xRxO^ 6 [lOO]//Si[010]T*te, BaTiO^S^ a ® k 1 
r 1 _ x Rx0 2 -6SSSa®«lHl«Mr-f. ^^^^8^5 
^\ Cico^, Zr 1 _ x Rx0 2 -6 3*^^(0.52 X3=1.56nm) 
**U BaTi0 3 4*&^-(0. 4 X4=l. 60nn) Z 

oT, *I6M"C«n BaTi0 3 [l00]//Zr 1 _ x Rx0 2 - 6 [100]/ 
/Si [010] ^fil^fJJBt"*) -«*ri-<t*?, (001) gfifSjc^cx 
e^^^^^BaTi0 3 ^#^>^ t^-c* 5 0 
[0 0 5 6] Sfcfc^lSlte. *-^*SSKfRl^^rLTV> 

[0057] mmmm&. *<n±\c&fammx**>z>B3 



(11) 

19 

fig, «*.tfAppl. Phys. Lett. 57 (11) 1161-1163 (199 
0), Japanese Journal of Applied Physics, vol. 27, No. 
4,L1404(1988) KlEtti* tlft i><DXtt. mtltc^&m* 

[0 0 5 8] KftWWK^jfeS^fl. XRD (XHlBl 

Iff) wsi+SEIfir— y*v#ii—?(D¥WR 

R H E E D Id J: 6 1 ^>^' ^ - V X*f«t 6 r kfcX 
££ 0 tilt* Sffittfi. RHEED^hy-^14, 
43J:^*B5aS (+MI^Rz) -C»flr*- S £ a* 

[0 0 5 9] *l8MW±iaiMk*»K<O(002) fficD^M 

^Lfc^*5t)-Cfe6o JifBBMb»»«S<&RHEED «fe 

* h y— *tta*j(v\ i"**>*>x RHEED h y 20 

[0 0 6 0] Sk±\zx9. *^^<^tft^iin, *Sifi 

[0 0 6 1 ] lfefc4M«K£: WLiti?fr=x^$J»& 
fcfl#±S^JR5c3R (S c^J:OtY«r^tf) IcJzt)^ 30 

Y, Pr, Ce, Nd x Gd, Tb, Dy. H 
o N E r LV\ 

[ 0 0 6 2 ] *±JB&Jd7C* (Sc*3.fctfY«r&tri 

ft*, ftl^tf. #±£&«5g* (S c 40 
&£XfY%<a&) k L-CY^r^V>fcZ 0 7 R 0 3 0 2 _5 

Ti03J»fi4*^|c:»LZ r ^ x R x 0 2 _ 6 3 

^s^v^u * x <om\z£ vrnmBirnxb <5„ 
[0 0 6 3] ua*Lfc#&. -^y^^oRia«BrtB«* 

6 0 flitfY<^ftb!}i:*±«^PrS:fflV^, d<7)^ 
tZr H R x 0 2 - 6 W»T-^»^r^^ < 1"£ £ £ ^1 50 
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[oo64] zro 2 n?S5ta^e>s«aiw3&Mt-csc*a-» 
jE**-*»*i:ftte»S:±i:6o ±j> forfeit-* z> 

-CfcSo Z r j_ x R x 0 2 -««[«>»ftttf4x<0$5aB^» 
Jpn . J. AppL Phys. 27 (8)L1404-L1405 (1 
988)lC«fir$nTV^J:5<w. x&O. 2*»^?fe-5fi 

x^*0. 2«±<Oit*«««T<7)^*.-eifil(03i^^ 
i^HKa*#<b*uTv^ 0 fcfcU x^O. 7 5^gi 
sfWK-cw;, M;trf (ooi) 

sfattWkax-r, (ill) Kfao*gftas«A-r*o - 

iE*ft*feli*ftfti:*6««c-CH. J. Appl. Phy 
s. 58 (6) 2407-2409 (1985) £>ftTl^£ X 0 

[0 0 6 5] S^(Dilt^ N x^0. 7 5^it?)i 

LfCo ^Jxl^Z r R x 0 2 -6 <^ (0 0 1) ^t 0 ^^ 
->-rvH««:»J:5^i-6i, x&z.<D%mxn (11. 

f^ldfc>5 0 fit, ClC7)_h(dB a T i O3 fSk&l&rffiVtz 
bZ-h, (0 0 1) fifii*r»-5r 

ffiKfpjtf>»&T?<3 (00 1) Efpjir^-r 
6 0 

[0 0 6 6] d<7)<fc5 4ll«(c:S<5^> Z r !_ x R x O 
2-8Jw*5«t-6x^±RRtt, $r*L<fiO. 75, ctOff 
£L<teO. 50<bi-5o ^ErbT. J:DTOft«B5«r# 

<«0. 1 OKT-CfcS, 

[00 6 7] »*^Cl6*:^*4V^IMb^3^i> 

»BI<Ofifi8S:<b^Z r j_ x R x 0 2 _6 ^ 6 Sr^V^TS 
tPLfc 0 6^ii^0-0. 5SST*fe6o 
[0 0 6 8] */tZrfc*tfiWb**Ktt. Sfc§S£KK 
MtcS^OZ r OJt**S»^ U< tt9 3mol%jy±, X 
r> #* U < tt 9 3 molXiB, ^ id»^ L < 9 5 raol%J^ 
±. «rldff*L<«9 8molX«±, *fc#*b<IA9 
9. 5mol%J^±T*^6 0 «ff^jftfttLtfiKVMJ^I6«« 

#MMit6traitlXff*U\ *tZr0 2 
HYSZId< <b -<^JS - Jffejgtfr - (Ml S« 
it) Sr»fiRLfe»&. ^C-Vfttt-Ct^fy^^ 
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'h£<. MI sm*k LTJMH^* s *ix"C^6fc«>. 
iRMCZ r 0 2 n^KS t LTff*U> 0 JtlEZ r <D$^ 
fi<D±PIH. 9. 9 9%tfo^ 0 Zr£ 

[0 0 6 9] #K±f2i^b4Wlg£^\ ±*£bfcx 

-r/^T^ec^^^LV^ Zr 2 _ x R x 0 2 -6lwio 
^Tx^O. 2-0. 7 SOSillT^^^^v'^/^^ 

[0 0 7 0] L^U*^B^#e>^f^^fi^f C jfem> t& 
<D»&&fi&1SM£HZt>V>k**-X^Z> 0 YSZ 

[0 0 7 1] iWfc:^ 3 — ^^*K^*BS^ s Sf*tixtfiS 

[0 0 7 2] £/c, aaEOKJftKftftfff-CliZ r 0 2 ^ 
Hf0 2 t^i«t||LV^"C, Zr0 2 <0«fiEWU ii 
*\ Z r +H f -e^jffiS«rJtUXV^o Ifc^oT, * 30 
W»B»lw*5lt6Z r 0 2 0*3fcgte, Hf^rZri:^ 
9Rt^*Lr»ffl*tt3ttt-C«>6^ Hf0 2 fcfc*3g0| 

v\ ffiMS^^b^^-^A^Kii. sc^fl, (10 
o) eisk jE^f 0 (ooi) egk j&fta (ooi) ga 
fSi«)v>fix-e*)ott«tv^, JftftA (ooi) gfift-e 

[0 0 7 3] *5IM<7)aS»K<OKjb®)»K^ LT, 
±RWLfctt*Zr H R x 0 2 _ 6 ^ **s*Mg& 

left, ^J^L^aTi0 3 cO(001) KlPl*R-e*)-5*— SEfpia: 

ic, mo) gs^^^Lfct), * fed io) mfa&Sft 

(001) EW^^^**^*/^^**-* htiHK*£#e> 
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1- x R x 0 2 -6<K>mi<0^^^^iy^^mk, -<n^ 

K »*L<ttflaTi0 3 . SrTi0 3 *fcf4Cixfe©B* 

£tt*sfMMM«fil (T«W) TfeO. ^eoJifcrtflJtE 

[0 0 74] »ft*»IKi3 io«f^i»IKo»*ttffl»Jc 

£\ Z r «r«trlMUMmi (*l tt*tf**^/H«) 
tt, 2-5 0nmSS, EftSPJSI (S2tot7^r'>t^ 
fit) Hl-5 OranmS, tt» 3 - 1 0 OnmSff L 
i\ Z r fc^tfBMbWfcBTCttSrTJUi*: UXfflv>6* 
Z r «:*tflMk«W»filttff* b< f4 2nmK±. <fc 
L< 1 Onm^±Xfe t>x L<tt20 0nm£* 
T, J;^lt<ftl0 0nniaTT*fc6 o *t LT\ -<n 

R«ffJii: LT/B^5££l£#i2 0-10 0 OnragffO 

[0075] ±m2mmm*Tmmk^xm^z>k%\z 
ft. mmwm<ni&&&, iftt^ai^ft^sgicz 

r t:*tp|Mk»»llll*5J:tf^ny^*^ hElRHHBttti: 

fcWtl^fc^J&SJ:^. MF I S^MFM I S Jftigtf)^ 

2- 5 0 0nmSgfet5-^^U\ M I S 

^t^'>^^ii*i^Mi s fet^- vmt^m 
\at, mtvomm&o. 5-2 0^ ^i~i onmt 

*< EfPlflHK* 5 - 3 0 0imk-r*zktW& L 
[0 0 7 6] **5, ±^bfeJ;9*»fb^=i-^A^ 

m^mimmmk vxh^\ e^»ik« 
ms^mi<o=^^^^->-r^mk^^o 

K*t^v^^oK{b^3^^^^KOJ?$t6ffli:ra 

[0 0 7 7] r.W*±JB»{k»»»fflt#i^ Y. La, C 
e, Pr. Nd, Sm, Eu x Gd. Tb, Dy, H 
o, Er. Tm, Y b *J«t 0?L u <0'}?t£ < k t 1 ®, # 
|r s Ce, Pr. Nd x Gd, Tb, Dy. Ho^^tP 

E r *v>fc < fc t> l «*r**i-6*±«KMk«d*e>*K 
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[0078] CO J: ? 4«±«HMb4feX*NRtt« SC± 

D ew*r»i-* s , (ooi) eflroafls^a^** 

**m«)±l5i*j*-faii:lc:J:!), (0 0 1) iSrSio^r 
^7y->^^?)tl, CO^tC*5V^TZ r o 2 S5*BKIW 

oFb^o^^o^ *:7>f 5/ h^/h$ < &5?K & Si Miff 

[0 0 7 9l.iMb^/V/=i = i?^5RJ|K*5J:t5*±*SMb 
»3Rf*BIU:ra\ ^ttSS^fc ^ icSiJUft ^r#A t) <t 30 

y— **»WJ1-6w£j&s-t?#3 o Al*5J;0Si 
n, Fe. Co, N i fc^eO*»&«7G*«U 

[0 0 8 0] ftja. *#W^8W»BMw*5V*-<\ Si*W 
(#Jx.tf5nra SS^T) BWkStt. SiO 2 *^<0fMS*tf 

[0 0 8 1] ±fa^l^ct^20rct^^i/ ir ^^ 
*#-f bSlftto'** 3 K P b T i O 50 
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3 „ PZT\ PLZT. ^<£>{tfe<7)P b*--< >f h 

mn&j&^v?**^ h ; l«^n^^^ h (K 2 N 
i F 4 SSr^tf) fc«tr«[*^P^*W K «x.tfB 
i ^n:/**^ ; (Sr, Ba) Nb 2 0 6 , 

(Pb, Ba) Nb 2 O e ^<D^^i/^X^^D^X§i 
Kjt»*if^*)0. 0Jxtf. MF I S«tg*)&R®# 
( F) ftidltSt^fcS, w^flfe, JblE2JH«3gcO 

B i ^K{bifejeS#R. Y B a 2 Cu 3 0 7 _ 8 (YBC 

o) mmmm^nmmmmmm. s^is. L ai _ x s 

r x Co0 3> Laj_ x Sr x C a x R u O3 %$<DWtik 
mmnWk. I n 2 O3 s I n 2 O3 (S n K->0 . ^ 
<Dmmik#ommS&. P t . Si, G e . G a A s *$<D¥ 

[0 0 8 2] *^|PJco lM^V^U^^O^b^)^ 

COM F I S«5S^^^^-»««ff-^^^-JI6»»- 
fS#(DMFMI SWag^lfejRffi-ftii-CfcS, MF I 

s«arm> *m». fftt<iisi doo) 

[0 0 8 3] — *\ MFMI S«56"ett:. £f£b<teS 

i (1 0 0) m±\^ &itL><t*2mmm<Dmkyomm 
&ffl&m (1) ^ltk**. c<o±\z.mn&^v?*i/ 

[0084] iim«jgii, 

ffc;b*>„ Si (10 0) aD«r«ffiid*ri-6S i *3es 
StR-hlC #l;Lfcf. Pt, Ir.Os.Re.Pd.R 

ITCJgfifcSfu StRSffi^W^jE** (0 0 1) £fc 
fi^S (10 0) fiaipjUfcmtr^^^ir/URS:^ 

[0 0 8 5] «Sttffiht. LV^S N £jHT*# 

[0 0 8 6] ^J^mffiSJfll^, P t , I r , O s , R 
e. Pd, Rh^J:t5Ru^M<Hli^tt6 

[0 0 8 7] N a C 1 : T i O, V0, NbO, R0 

!_ x ( r : -mm^±(D^±m (sc&^m & 

$tf) . 0 < 1), LiV0 2 ^o 
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[008 8] * ^A^mWHtM : LiTi^, U\l i 2 _ x 
0 4 ( ::T\ M=Li,Al,Cr, 0 <x <2), Li x -xM x Ti 2 0 4 
{ZZX\ M=Mg, Mn, 0 <x <1), LiV 2 0 4 , Fe 3 0 4 , ^ 0 

[0 0 8 9] -io^^ hSSft^: Re0 3 , WOj, Mx 
Re0 3 ( Cr~C% M &JS, 0 <x <0.5), MxW0 3 (CCT. 
M=&JH, 0 <x <0. 5), A^ 8 W 3 20 112 (w^-C\ A=K, Rb, 

Tl), Na x TayW lnr (>3( CCT\ 0 ^x <1, 0<y <l), 
RNb0 3 (CCT% R :-«*BLb<D#±* (Sc*5Jzt*Y ft 
<atp) ), Na 1 _ x Sr x Nb0 3 (wC"X?, 0 ^x ^ 1), RTi0 3 ( 

nx\ r :-mm£x±<vtt±m (sc&±m ft* 10 

tr) )» Ca n+1 Ti n 0 3n+1 - y (^rT\ n=2, 3, . . . , y >0), 

CaV0 3 , SrV0 3 , R 1 _ x Sr x V0 3 ( ^IT\ R : — «gt£JLt 
co^±® (Sc*5j:t*Y ft*tf) , 0 ^x ^1), Ri-xBa x 
V0 3 (HT\ R : -nmSX±<01tr±m (ScioJ:OT ft* 
tp) . 0 ^1), Sr n+1 V n p 3n+ i- y ( CCT\ n=l, 2, 
3 y >0), Ba n+1 V n 03 n+1 _ y ( n=l, 2, 3 

..... y >0),R 4 BaCu50 13 _ y ( rCT\ R : — S^-b 
*>*±* (Sc*5J:^Y ft*t?) , 0 ^y), R 5 SrCu 6 0 
15 (CCX% R :-MK±©*±« (Sc*5j:tfY ft* 
tp) ), R 2 SrCu 2 0 6 2 ( nT\ R : — «Jfi£U:tf>*±3B 20 

(Sc*5j:OT ft*tp) ). R 1 - x Sr x V0 3 (C Ct, R : — « 
JB«-LO*±« (Sc*5iOT ft*tp) ), CaCr0 3 , SrCrO 
3 , RMn0 3 ( :Ct\ R MH«-h£>#±jH (Sc*Jj:tf 
Y ft*tp) ), R 1 _ x Sr x Mn0 3 ( dT% R : -nM£X-t(D 
3b±m (Sc&XXH ft*tp) , 0 ^x ^1), R^^lta 
0 3 ( ::t% R : -«*£Ui<a#±« (Sc*5J:tflr ft* 
tf) , 0 ^x ^ 1) , C ai _ x R x MnP3_ y (r CT% R : — U 
M£l±(Difc±M (Sc&Xm ft*tp) , Q^z^l, 0 
^y), CaFe0 3 , SrFeOj, BaFeO^ SrCo0 3 , BaCo0 3 , RCoO 
3 C:T, R : — «»EU:<a*±K (Sc*5j;tfY ft* 30 
tp) ), R^S^CcC^ r^T% R : — *BJEJUr<7>*±IS 

(Sc*5j:OT ft*tp) , 0 ^x <1), R^BaxCoOjC I 
I"C\ R :-«*£JLL*>*±» (Sc*S*tfy ft*tp) , 
0 ^x £1), RNi0 3 ( CCT\ R : — «S8EU:<0*±IS 

(Sc*5£OT ft*tp) ), RCu0 3 ( dT\ R 
±0^r±sg (Sc&XW ft*tf) ), RNb0 3 ( HT\ 
R : -«®£A±co3r±il§ (Sc*3j:Wr ft*tp) ), Nb 12 0 
29 , CaRu0 3 , Cai-xR^u^yMriyOsCCC^s R : — fl&£l 
±CO^r±M (Sc&Xm ft*tp) . 0 ^x ^ 1 , 0 5?y 
^ 1 ), SrRuO^ Ca 1 _ x Mg x Ru0 3 (r O^x ^1), 40 

Ca 1 _ x Sr x Ru0 3 ( 0 <x <1), BaRuOj, Ca^^x 

Ru0 3 ( ^CT% 0 <x <1 ), (Ba, Sr)Ru0 3 , Ba^KjRu 
0 3 ( rCT% 0<x^l)» (R, Na)Ru0 3 ( ;:t\ R : 

-«js«±<0*±js (sc&xtn ft*tf) ), «, M)Rho 3 

(ZZX\ R : -mm&>±<V$r±m (Sc*5J:W ft* 
tP) , M=Ca, Sr, Ba), Srlr0 3 , BaPbOj, (Ba, Sr) PbO^-y 
( ICC, 0 <1), BaPb^Bi^CH-e, 0 <x 
SI). Ba 1 . x K x Bi0 3 (dT% 0 <x ^1), Sr(Pb, Sb)0 
3 _ y ( ZZX\ 0 <1), Sr(Pb, Bi)<>5- y < ::t\ 0 
^y <1), Ba(Pb, Sb)0 3 _ y ( 0 ^y <1), Ba 50 
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(Pb, Bi)o 3 _ y ( ::x, 0 <1), mo0 3 (ZZX\ M= 

Ca,Sr, Ba), (Ba, Ca, Sr)Ti0 3 _ x (m? x 0 ^x), 

[0 0 9 0] ■JR'* a VWmtm (K 2 NiF 4 ^^ 

$tp) : R n+1 Ni n P3 n+ j( R : Ba, Sr, 

(Sc*3ctOT Sr^tp) <D?h~mmSX±, n=l-5(D 
Sift) ,R n +lCu n 03 n+1 (Ht\ R :Ba, Sr, ft±m (Sc 
J3<fct/Y Sr^tf) (D?h-mmSl±, n=l~5CDM 
^C) , Sr^uO^ Sr 2 Rh0 4 , Ba 2 Ru0 4> Ba 2 Rh0 4 , 

[0 0 9 1] TWWUto : R2 v 2°7-y < - - 

X% R :-SIS^±0^r±^ (ScteXm ^r^tp) , 0 
^y <1), Tl 2 Mn 2 0 7 _ y ( ::t\ 0 ^y <1), R 2 Mo^0 
7 _ y (CCT% R :-SIK±^*±g <Sc*SJ:t« ft* 
tp) , 0 ^y <1), R 2 Ru 2 0 7 _ y (cr-C. R :T1, Pb, B 
i, *±gt (ScJSjltW ft^tp) <0 5*>-««K±, 0 
^y<l), Bi 2 - x Pb x Pt 2 - x Ru x 0 7 _ y (dT% 0 ^x ^2, 
O^y <1), Pb 2 (Ru, Pb)0 7 _ y (HT% 0 <1), R 2 R 
h^-yCCIf, R :T1, Pb, Bi, Cd, %i±m (ScioJ: 
t/Y ft^tf) 0 5*>-««K-h, O^y <1), R 2 Pd 2 0 
7 _ y ( :it% R :Tl,Pb, Bi, Cd, *k±M (Sc&Xm 
«r*tp) ©H-««KJ:, 0 ^y <l),R 2 Re 2 0 7 _ y ( C 

R :T1, Pb, Bi, Cd, ft±m (Sc&XW 
tp) WH-««K±, O^y <1), R 2 0s 2 0 7 _ y (d. 
X\ R :T1, Pb, Bi, Cd, %±m (Sc^J:m ft^tp) 

O^y <1), R 2 Ir 2 0 7 _ y (HX% 
R :T1, Pb, Bi, Cd, #±» (Sc#J;OT ft^tp) (Op 
fe-HWUK-t, O^y <1), R 2 Pt 2 0 7 _ y (CwT% R :T 

1, pb, Bi, cd, %>±m (sctexm ft^tp) <o*>-h— 

a«J^±,0^y <1)^ Q 

[0 0 9 2] Z:<D{&<nmk*to : R 4 Reg 0 19 C:T\ R : 
-iSa±^t±i (Sc*3J;t/Y **tp) ), R 4 Ru 6 0 
19 (CCT% R : -««JK±<0#±a (Sc*5j:0«Y ft* 
tp) ), Bi 3 Ru 3 O n , V 2 0 3 , 11203, Rh 2°3> vo 2' Cr0 2> N 
b0 2 , Mo0 2 , W0 2 , ReC^, Ru0 2 , Rh0 2 , Os0 2 , IrO^, Pt 

0 2 , Pd0 2 , V 3 0 5 , \02 n -\ixF4 ^5>9 CD^^C), SnO 
2- x C:X\ 0 <1), La 2 Mo 2 0 7 , (M, Mo)0( n 
T% M=Na, K, Rb, Tl), Mo^^! (n=4, 8, 9, 10), Mo 
17°47» Fd 1 _ x Li x O(CCT% x ^0.1)« o I n ft*tP®^ 

[00 9 3] ItLb^H^ I nft^tpKftW**: 

0 3 , I n 2 0 3 (S n K— 70 , RC0O3, RMn 

0 3 , RN i 0 3 . R 2 C u 0 4 . (R, Sr) C0O3 
% (R, Sr, Ca) Ru0 3 . (R, Sr) Ru0 3 
, S r Ru0 3 . (R, S r ) Mn0 3 (Rtt, Y& 

XTjs c ft*tp^±^) . ^xu^fih(ommt^m> 

<DtiMtfC&l 0" 5 ~1 0~ 2 QcmT^5C fc3ftS»*bt\ 
^fc»^<t LTOJtSfetfil 0" 5 -l 0- 2 QcmTfc6w 
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[0 0 9 4] b^Sltt^ ^rv^t m 

mt^xmrn-tztti*^ mm^^^^^^^mm 
(ioo) . je#& (ooi) . (o 

0 1) (0 0 1) Efil^«SA^ff*L<, 

[0 0 9 5] ^mffi^fcf^^^^^^K^ttffl^^j: 

DSiS^, *ttE0>fc**3 5-5 0 Onm, »^L<}15 
0-1 5 0nitfgg^»^UV\ V* ^rix-y /HK 

*S*&tw» H 5 0-5 0 OnntSfttf) Ll\ 
[0 0 9 6] I vf tMDW&hfB 1 *5 J:tJP* 2 Ore fcr^r * 

* * v- -r /vflgco ^ (Dfii ± tr * ^ > /wfc^ as 20 

[0 0 9 7] ^^^m^^W^ffiS^fi^ J© — &_h 

RttW£*V^ «R-Cfl2^>f-8^yf^S i * 

#C6>fyf^-f^ 30 

-r* * *f X»tR LXfflJI?*ffil£:#5 r £ WffiXife S 0 
[0 0 9 8] **W^iMk««»BI©**^«fefco 

[0 0 9 9] ft*5, *«M^Jgfi)l*«feS:Sa(ii-t-6^*>fc 
otli, ll|llc^:LfcJ:9^^« : i^lBl<lr^V^6Ci:^ 

[0 10 0] «*»Bltt. S^ffi 1 a*r*U 

[0 10 1] Ifgllft, Kfttt;ff;*«*85g« 
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fcT#fctt\ Baf$$g£fl9 x Ti«*«l 0. Z rffi^ffil 
l*3J:t/*±«&*5£* (S c*3J:tfY«r£tf) Mft& 
1 2aHE«**LX^S 0 ^he>wBa*»«9 % TiiKSW 
10, 2 rftjgftl li3J:t/*±«4fll5c* (Sc*5J: 

*/u*em&mm m*m&±mw. &mmmw%n & 

[0102] ttmto&mmmam&jmizte^T^ 

*ttfi*tetuxfi, s i <D&i&ikmm&m^b 
*u atonmimmmtmi&ztizmiKmmk^x, 
(ioo) mm&&inz>* mmmm±\z.m&£tizm 

^SttitfO^ni^-Srffiv^ffiSraiy^^^ac^LX 

[0 10 3] COXSJblC *aJiA^fX*l^i¥7 
-930 2 4fi: bX«*Lfc^«feXZr0 2 S:*fiR^ti" 

[0 10 4] *^O^k^J^(D^^fei^V>X 

fix ±lB^Emii^f^ : i^-<^nx^6^^ffiv^e^^ 
^x#&o *i\ SMk»*«^rt*»^ov>x 

[o i o 5] wummmt uz r o 2 « 

mfammt lxb a t i o 3 nm&mizt vmrn-t 

[oio6] fic«>{^ mikVommvM&jjm^^x 

tt, *»XRjEStt3ftsWv^ao, ^n«r«»-r6Bttfc. 
z r0 2 fe**j>ki-*ft»*acif^^v-r/vl||*:rti« 

Lxm^^m-r^o 

[oio7] *r, «««B*ilHWb*hfcs i 

lx. s i wttAxcxB^^ s i mikVomzMtft-r 

no 2 ^fflv^c^m^ »iWfc*nfcs iM 
SfiS^S«*B«, ±IS U^c J: 5 icJffcXEJSttl-S' 

mm*. 0. 2-1 0nntf£ffi£-f <5r i#ff*U\ 
0. 2nn*«XHS i aBOftadS^F^XfcS^feX 

[0108] ±|E^ADflft«, 3 0 0 — 7 0 Ot^lg 
(C. 0-1 0 5>aK««bXff 5. w^i:^, #^jgffi 
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3 o-7 o<t/#nmt-tz> 0 mm^m-t^t^o, 
g-mmmm-rgzh. s i mm<DMf&&*+#\zte 

[0 10 9] Sfbtt^^^SAit, Wxi^^btt^^.^ 

X 1 0~ 4 Torrlifitf>J££KU mik&tfX(VmA\Z£ 
V , '>4<it>Si ¥*£SSScDifi«^#Il^^^^ 
e>lX10 " 4 TorrSS^± £ * 5 <fc b 6 Z t *W 

lilXl O^TorrSflrefc***, ffi«*T?»PfRLTS»tt 

[oiio] ±iaxa^> Sf2g+-e*Df»-t*5o s i atffi 

[0 111] *Dj|&fflLK«\ 6 0 0-1 2 0 Ot, #1^7 

T*>a£, s i *ftifi£fi»Ht;i«ifc-r& i x n*e* s 

»fcftftv\ U0 0USx5^ «l:J:5Si 20 
*ffi»fi^«a^H-»"C*< S i WIM£tt0>ISA1£*s 

[0 112] Z<D£ JftJDj&^rfT^ft^^ Z r tmt 

Lfcs iiw^w-^-swaiKSraTcL, ^*^^o raw 

MgfctiL/cS i ^S^itiCZ r i:»**^HZ r <b 
*±«£K^*43 *tfflWlw J: 1X1 (7)^ffi*3g^ 

cogllR^JEtt. 1X1 0 _4 TorrJ£JUi 1X1 0 _1 TorrSjK 30 
KT 4: ft 6 J: 5 c bv \ 

[0 113] ftfilff&tt:* RHEED{cj:6^/^- 

ixi <&*ffifl»3g<0ifrg\ «^-j»A*f*ffil3& s [110] 
t*02© (a) |c^L£J:5&lffiMnci<o%£ft;* 
h — ^tta AM^i^]^ [l-io] Ictx 

fc^HC^-^iftfco Si¥JBft»#«ffi 
tts tf: t (10 0) ^<DW& 1X2, 2 x i . £fc 
tt, 1 x 2 £ 2 x l as»&LTt^*ffi«3Si:ft'5o - 
<oJ:5ftifr&lwii, RHEEDft^-yfl, 40 
<£>A#t2fft [lio] [i-io] <^-fftrt\ * 

fctt^T?®2^ (b) Id^LfcJ: l»fl»Cl 
i:2(^|C2^o/^-y|i/^ g ##Wcoixi 

T, 7J»*fRl^ [110] *5J:t5 [1-10] SI 
2<D (b) 0 2flffJSJBC2dSft5>nftV\ 
[0 114] *fcS i (10 0) m»*tm&* 1 X lffi 

Ixfcd^ l x l Sr^i-*W=tt^«ai-C* 9 . ^SI^M 

tt «fc < 1 X 1 £ S i »MT'#6: £ «U Stt-e«:?F *T 50 
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[0115] 1X2, 2X1. 1 X 1 lvfft<&«36<&S 

[0116] Z r *fc»Z r :fc<fctf#±£i&R(D0M&fi 
W\ -tO&fMMftJJ-C, 0. 3-lOnm, 3~7nm 
a«^#*LV^o 0. 3^*95X12, S i IMM&tfHKu 

fi, EMiKJ;?). lxiMt?i<46C^mtfe 
T?*>6. ft*3, ±IES i«Mb*ao«l?OJi»<7)»*L 
iMfiftl Onm^r Lfc^glte, 1 Onm£rj@?L£ £ , JhlBO 

ft< ft6«riBtt^-cr < s**fet?*>6. 

[0117] gfcfctetf;* t UT&*£r/fll>£«^f*, 2 
*6d*C«)«nift**«:*«>T*3<. 

[oils] £*±cos i m&m&&m*ff?m&K. 
[0119] m&mmto&m*m\z&ftzmmmmns 

*M (3*7cttft>c*fttt») <0*MM*3&«:tt)IPrLfc 
h # £*x. &KS<E«Wift*ffi^IR^fiM«3&^ tt-« 
KSft a, *ixf±fl"«|w«f»isft < ft < ft 3 c ^ tci: S 

rac-*/!^*— 0®^SJ£ft*WBl-ft^ 5 ^-r^^^ 

ma, nb <D±$$(Dm#*mm*±ctc.m&zti 

ZniXnMmk£J& 0 m#1kiS tlitS i (10 0) (DM 
ffitt, 1 X 2 2X1 Si (111) ^® 

tt, 7 X 7*>htt2 X 8«5g(0**ft*tt^ y'/att 

o«9lftj»fllJ&tft6. ^^c, :n^)> WtWbSixfcs 

^>*/WgfiJW-5fflJK (7 0 0ttt±) Tftt. *gg*^ 

[0 12 0] Si K«±l^»fb»S:3ifc p ^^rv-^^fi8S 

iS W« fiR* * * S B x 6 «» ft *fc $ ft 

tttf ft 6 ft^c mtm*- V* * is* A-BHS* (c*5^r, 

»«1 x i«5S4:ft6^-e. mcm*=-e***s-*ArtfL 
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S$^r^/c^COSffi(Dg®«itli, 1X2, 2X1, 7 
b < ft < , 2c£ft 1 x i «Ht#s«K-ca> 

[0 12 1] ftli, «±©J:5f-. affi*s«L3SSixfcs 
i WIXKM^TZ r 0 2 «r*rt^i:-*-**-effl 

[0122] z<ozxo 2 *±/*#t ram-Eft* io 

ttZ r 0 2 W«Sft-fbO*i«)fc4 o o'ceuu&ss* b< . 

$J7 5 0*CEk±&m&&&9ttls $f\Zft+l"< 

v> 0 ft^\ *ttfis«^ao»tas<o±i»tt, uoot 

[0 12 3] Z r &«*fcr-A4£-canjRL«38 

K«*3nc<fc*&r6*#fc:. IMbtt^f^*5J:tfifi& 

0 1 nm/sJ£JLb, J: 19 L < 0 . 0 3nm/sfiLfc* £ «b 
IC*?£L<te0. 0 5nffl/sj^±T^D, #£L< 
tel. OOnm/s^T^ <£ L< 120. 5 Onm/s&L 

Ts L<»0. 1 Onm/sJ^TT-fc^o f&mm 

awards tf^mmm^-m^^z i« t < 4 
*?, -jet* dwa*d*arjf*^, 5 

[0124] z<Dtc&. z r o 2 mmcomm^^h. 

iR. N0 2 «&ffl^S££j&s-T?#£> 0 £ATg£ 
/M£cfc*K 2~50cc/#\ ff*U<tt5—2 5cc/» 

ffi±T*tf>KJES£<fc ^(ExtS-frSw^^T^-So COM*. 50 
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i?<Otoftm 0" 4 ~1 0 -6 Torr <DteV>EE^(CftoXV^ 

[0125] $-itmm&mm<o 1 cm 2 ss^»>t«t 

&xzz>*\ m&ffim&i oca 2 sLt, 2 
^^(D^^m^mmmm^mi'^Mzftm 1 

S«0(HMEjS«. 1 Orpm W-CfeSCi:^ 

fct£E£g§fitf>«MSJ: 1 2 Orpm SKTkSo 

[0 12 6] ^OZr0 2 $r±^^i-5^tr^^r 
^t^I^lfSSi: Se>^El6ll»BlT*>6BaTi03 
Bt*^ttSrTi0 3 8t*ytW:BaTi03<OH»(*lBSr?gfiKb, « 
«»KS:#6*ife«r»W-r&o wC-C«BaTiO 3 «:0iJ^i: 

[0 12 7] fclvC v Ba£m^-^T*Df»UK3&£ 

i=l:l J; 5t-U BaTi0 3 ^t o ^^r'>^^SI^^# 

Ba/Ti 0M&»t«\ BaTi03«^E|6|tt(^««r2S:tf 
U BaTi0 3 ^ v^ir/HB*0®^ffiB8«d s BaTi(^ (0 

01) //Zr 1-^x02- 6(001)// Si (100) . tf*oBaTi0 3 [10 
Oj/ZZr^RxO^ 6 [100]//Si[010]-e^J*"T6fc«>(w 
tt. BaTiO 3 ^K«i^*5*t-5Jnj|R«aSli80O -1300^, » 
1^:900 -1200^^3* UV\ r C TV ^ 5 f$MW& 
t n 0 - 1 nm0J?(^*Siart"Cfc -5 0 
[0128] ^SS]SIC0B a /t i ^yi/Jt 
t0-K»fl<li0-0. 8t«^^^l 

JRfflS^iSi-SrfcD t^SfflJB^B a/T i tb^ag^3 

t?«V>i:»fiR$JxSBaTi03tt@tti'f S(001) ElPlTft 
< (110) ElRlU:fcSj&\ *fefi(001) EftBaTi0 3 l»Bt^ 
(110) mfatim&LXVt. 5 0 iD»3<^B a/T i Jt2S*: 
#-r#*5ir. M^fcBamt0ZrO 2 irR^S 
L, BW<OErpJSr*r-6B a T i 0 3 ^#A,tLft<fto 
T<^ 0 Ba^Zr0 2 ^JtSSriSrf Sfe^ld. 

0. 05-1. OOnin/s, ff^KliO. 10 0 — 0. 
5 0 Qma/sk-tZZbfcmiZ UV\ ^Er^SSttx 
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AIM* h&KfcB-iM' b&JRk ®M<o& 
fen^uyxX-t hXA/Bj^O~l, #K0~0. 

Sc-tds»*bv\ io 

[0 12 9] ±&mt&#xt Lt«, ^"^^ 
N0 2 •tffl^8Cfc#T#8. CCX 

kHfcy X/MCfc t). 2-5 0cc/^ #*L<tt5~ 
< <b 10" 3 -10 ^TorrSSO 

(8* 1 O^Torrfc LTcOte. RJtSWrt 

K3R^flEO#BH*CS:o< 6 J: < ^ Cixl- J: 04>&V^|fc 
iR#A:SX£;R-bX£>KJC& J: 0 £ £ *sx# 

ffi«<0iafc>^ 1 1 0" 6 Torr(D®V>/E^ 

M#oxi^ 0 30 

[0130] ^fc*igSS«0 1 cm 2 a*<0SfeV^««T? 
*"C#435^ 3&Rffi8W s 10cm 2 &L±. fc£;tffii:^2 

fc#, SS<OEHE»fi. 1 Orpm ^±tfc6Ct^ 
«KS3SB^>«»-h 1 2 0 rpra - ^ «t 5 t- 40 

[0 13 1] J^±, «3S^ife<o»3NB«rRWUfc35S, 

fc*t?#». 50 
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[0 13 2] £h\Z*<D±{Z&m&fam, BaTi0 3 ^<7) 

<Dmftm$:&J§fcJ&f&'thZk&Xi<Z>< i SB 

[0 13 3] tt*3, Ztlb(DBfottB»OM. &m\Z&C 

T^-yWfiJKtt. »^L<(i 400-8 
5 0U J;*Jff4L<tt:4 5 0-8 0 0fefc*), T- 
-/W*BBH\ #£U<li 1&RB-3 0 5M«k ctt)»*U 
<li5-15»HX*fc-5o **5, lfeft4MEffiR<0-hK:* 

[0134] &±<n£?^^xnbntcmmmikVomm 
&£xfiz.ti&m^ittt7 t '<<< xmm&n. mitt*. * 

^(a^FETf^ir^ icftSMtr S r £ t-<fc 9 ^»3§ 
XS i ^M«C^HJ; "9 SO I LXfSffl 

So ^fcSQUiD. ^3t7yyi^ HSh7y 

[0 13 5] 
[0136] SHKffl l 

(1 00) ffl**6J;3fc:*WK ftiiiL^S i 
fi^ai^-Srffiv^o &®Sffitt«A«4 0%7yft7 

*b\ SiSfifi, SQcinPS, B«2^yf©R^Sfi 

[0 13 7] jiffittrtJw««snfcisiefej:o^jiMii» 

aMMtSrl 0^orr*T?tttt«k#^lJ:J:9#*L*: 

StS?fc^®^S i »ft*Srfflv^X(ftSI-f S 
^^r2 Orpm TfiateS*. »*«T*«ft3Efcy X/P^fe 
2 5cc/»Wfl#"e*AUoo, 6 0 0^(^X^30^1. 

w<7?^ffiXS$^JlnmCOS i ■MMbKfrJB/ftL 

[0 13 8] »CV>X% ^rO^, Stg^9 0 O'CidiPfRL 
(Hl^^^rfCo 0<E»«2Orpm k Lfc 0 yX 
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mi\^(omm^^ its nm*^ u i x i <o^mmm 

«t5S i ^®^Hgffi£r#fc 0 ^^RHEE 
D lei J: t) S"J^ L/cl2]£EI 3 
[0 13 9] 1213-CHA^rS] [110] XSJ3tL*:t) 

fc 0 1rt£*>h. 5S*4 ixi <D^®«i££ Lfc s i «a 

[0 14 0] £ wcos i ^3pM3@S«_LIw n g& io 
^1^9 0 0^, lEiem^2 0rpm. ;X;^?>|»*^ 
£ 2 5cc/5><o«-&T»AUfe«1B-eAJRZ r SriKXffi 
d^t»t6-ii-<t5> WW 1 0nra<£>Z r 0 2 

[0141] »f>ttfc»^OV>TS'J^b/ciXj»C0jB^: 
«rB4fc:*-*" 0 HUl-teZ r 0 2 <0 (0 0 2) f — ^tf* 

Ki*Lfc#ffiiw&< Eft b^3iSftBi^#e>ttxv^ c £ 

^t)©R»-Cife^ ^Zr0 2 Ht^*3V>Ttt«*«-C 20 

0. 7° (Hailffi) Xfct). ElRH4^«ti6-i:t>«B 

[0 14 2] i5iCC^»S<7)RHEED/^ 
— «^j»cOA*t*rpHiS [110] 

^Xfc6^* — ^X;fc£o CO^^i^^ h D — *X*#>5 

Zr0 2 WbII, «ffittl-«x£t>*>-C 30 

r0 2 JKte, YSZJw< ^>-<5fgCDiaSfet^b, 

v^x, mw<nm£±m^t>fr<>x 1 o^fk j is b 

06 10I:'J:6+jS¥«S§Rz (g2p«£L:500 
nm) £AFMlr£ Lfc^^ ¥*UX0. 7 On 

nu fe*:X0. 9 5nnu S'hXO. 1 Onnu fflfe®ffi<D 
9 0%X0. 8 OnmWTi:. ^^/VT^PffiTfco 
fc. 40 
[0 14 3] r.<Oj:5«wLX#e>tL/£:Zr02flt* s »fiR*tt 

fcs i m&&mfc&mm&&t it, :ti^nsg 

±|C. SSlS9 0 0t, m$mn2 Orpm , 
e>K^^Sr2 5cc/^eOW-fr-CS|AUfcl«ttT&JRBa 
*&*Ti*:i:i (0*AT»j|K»W^«ieti - i: J: 
■K J^i?3 0 Onratf)BaTi0 3 JRS:, MI5^*^^-tt-# 
fc„ fiKBt«J»!^fix T i <D*&T i o 2 IfftSX'O. 
5nra#«&LfcgL &HB a <b&JlT i £ 1 : lClTt 
££U B a T i 0 3 tf>/&JgaSK£rO. 05nm/ s£LX2nm 
J&ttft. SfclCfiKKSeS«:0.2nm/s t^SSr±Jf TJ^J* 50 



L*: 0 

[0 14 4] Zr0 2 ^±l-#^>^l/cB a T i 0 3 SilCO 
V^rai* UfcXjft^j|S**ria 6 \Z.mlTo m 6 ICll:i:BaTi0 3 
(0 0 1) *5£tf (0 0 2) tf-^^WBWw«|**iX-C 

KlRllfc(ooi) USSlR^tix-CV^CtdSfc^S, £ 

«B-C£fc 0 ilEtlRlSHrU-CaySLfeB a T i 

0 3 jffi^RzW:, «|j£Ufc£«0rCO. 4 5nmETF-C 

[0 14 5] [23 7 I^^Wf^(ORHEED^^ 

-v«r^o m^lS^AIt^rfpJUS ilfiw [iio] 
^x£>6^*~-^x3b6o rtf>5fe£tc:;* h y — *-e$>5 

6Ct^tt)OTfc5o Zr0 2 gl^ttibtK YS 
ZgJb^r/Y^t±MI5u^ (ScSrtW Uli 
«9gc3£{t£*U*:Z r 0 2 !«Jz^t>^<raC<t5^B aT 

1 o 3 m*mt>tiit 0 

[0 14 6] ms\^ :o»iolrlTEM?l^^ 

"To HJCttT^feS i S i 0 2 J1. Zr0 2 1, 

b a t i o 3 m<Dmx~ i mf$ t ztix& v \ «#M(tf-*mi 

filX£6o 8 1021^7^77^^^ ZrO 

2 e b a t i o 3 \^«tm<otm^x vrntft 

£tl1tb&t>tlZ>o ^<D^Mfrb. BaTi0 3 ^ Zr 

0 2 ±{c:^ffi^^<ii:^t: 0 ^^v--Y^SUTV^5^ 
i:dSt>^-6 0 **:Z r 0 2 ♦fr^-^B a T i 0 3 

3 : 4T^i^^nXt^C<!:^j:<^ 0 *fc. 
SiJHR, IMb«J»«lT?*)-6Zr02«:**»i:+S»«l. ^ 
J:t«S^fSHK-C«)SBaTiO 3 5»l»ojieftfficoB8« 
fc*>ffi*ffiH«) TEMi, X^lHlSf^i^RHEED 
^^BaTiOs^OD/ZZri-xRxOg- 5 (001) //Si (100) , 
BaTi0 3 [l00]//Zr i- x Rx0 2 ~ 6 [100]//Si [010] XMfSL&tl 
X V > 5 C t t>m& X# e> tl/cBaTi0 3 »^ 
tt, SiStS±X^fc: o ^^r^^/V-^bfc(001)BaTi0 3 M 
mtlsX, JiC^XUmStb/ctiOXfceo ^CSr 
T i 0 3 ^Jlt^B a T i 0 3 t S r T i O s <Dm&fclZ 

[0 14 7] ^fc, #e>HfcB a T i 0 3 ^fflV^fcSI^ 
SI^^-ov^X. itR«*SrW^bfei:w^. 100 0 
X\ ffiV^Sr^L^o ^fc, aiiticptm S 

y^^ffijio. 2vx% -ttet>-ho. 2v<d**v — <? 
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[0 14 8] £ ^CO#tt£:fl|/8U glil^FE 

Toy- nwkaiwffiv^fc^^aju ^y-tw 

[0149] H*fc#J 2 
±f5H*S#J 1 K*5l^T. BaTi0 3 O^I?£ 5 Oxxmt U * 
fc^rCOJtl^^i?^ 3 0 0nmT\ jHfiR^Sr 0 . 2 5 Ba 0. 75^2° 
6 COSBN SKSr^^i/^ y y^lCct 0 0t 

U SBN(OOl) /BaTi0 3 (001)/Zr0fc (001) /Si (100) <D 

R-CfcSCtdSfc^So RHEED^il 11^ 

Lfc 0 RHEED/^-W H/-^tl44V* - 

S B NKftfc t) . fi/«Pb 0# 38 Ba 0 62 Nb 2 °3 WBN 
&7£fifcU PBN (001)/BaTiO 3 (001)/ZrO 2 (001)/Si(100) 

J8<0*S*«rlS 1 2|£^i% PBNt>SBN^[Rl^cffi 
EftT*&6C£/6$fc>/^5 0 SBN»fe90 
O^OOSSmSX^fiKbfc^^lCOVNTI^ RHEED 
i^^TEMM^^bs c ffi*— gEfpJT^^oS i 

£ <7)j|Sft(**ffl:B8«35ssBN[loo]//Si[oio] t&SCi; ^ 

[0150] H*fc#J 3 
H*£#J2 ^|^«iCU"CPZT(001)/BaTiO3(O01)/ZrO 2 (001) 
/Si(100)<DfflJl»jg£#fc o BaTi0 3 (D^i?^ 5 Onni£ 
L % ^/cPZT £>Btff«:3 0 Onra<b bfc 0 P Z Tf3\ 

s,* y v^ici y> £ffifi8^t&-effl*/S«, 7 o o 

[0 15 1] -t<Z?»R^oV^TWSb^Xj»^tt**rig 
13Kto P Z c ffil' J: 

mfamx*&>zzk&t>frz>o £fc, mi 4t-c-v#tt 

<&4*ttS:fiJJSU *8i«F7V^^ (FET) 
coy- hlMfcKi: LTi^ (MF I Sfltig) SrfKRU 

[0152] mmm a 

MM&l 2 t |p]13lt^ LXPt (001) /BaT i0 3 (00 1 ) /Zr0 2 (00 1 ) / 
Si (100) <D«g»)SI&#fc e BaTi0 3 c£>!g|Ji:£: 1 0 Ormt 
Lx £fcP t^ffltffSr 1 0 Omit L/c 0 P 1 11. 

x v m&m.m 700 ^x*^ ufc 0 

[0 15 3] ^^fl|g»J^i-OV>T^^r®TEM^X^ 

16td^r-f- 0 £fc, RHEED £12 1 7 Lfc 0 C^X 

dS#e>tl"CV^SC^^^So PttCftfctK I r. O 
s, Re, Pd. Rh, R u & £tJ*:thb<n&& (Pt 
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d£t>*tr) (wOV>Tt>, B»l:fflRLfc8iPtfcR 

[0154] H*S#J 5 
HJfeW4(DPt(O±{CjEiwBaTi0 3 $r3 0 Onra^figb-C, iB. 
J&BaTi0 3 (001)/Pt (001)/BaTiO 3 (001)/ZrO 2 (00l)/Si (10 

0) (ommnm^m^o coskorheed, xmbi 

#r;j3j;tfD-E fc*^y v'^WfiHSSr-tix^ttia l 8, 
B 1 9;fcJ:tf|g]2 Old^ Lfc 0 XiSStHliJT^^B a T i O 

10 EEDT^S i m&klDmJf&m&ft. BaTiO 3 [l00]//S 
i[010]-t?&6C b&t>frZ> 9 _h|5^|^«t^UT^J 

fc 0 D-Ek^fy'>^lt BaTi0 3 I±|:Ptt 
«&JK#U C(Dlg^BaTi0 3 ^(DTiSOPt 
(0 0 1) BS&WSl-LT. y—V^!7-[HlK«rfflV^-C 

auebfeo JtR«*tt. d-e t^^y v^ay^i^t 

kHz -eSiJ^LfcirC^K lOOOTfcofco £ iblC^O 
D-Et^ry^^jfflU FET^t)l-S iSfe 

20 JbK^y-ir^fftHU Ut. 

[oi55] mn&m 6 

xikm 4 (7)Pto±i^3E(^sBN , pbn mmm 2 1 in o 

^30 OnmOffSt^fiKLT. fc£SBN(001)/Pt (001)/B 
aTi0 3 (001)/Zr0 2 (001)/Si (100) (^ffl^S?^ JltfPBN (0 

01) /Pt (001) /BaTi0 3 (001) /Zr0 2 (001) /Si (100) (DmMW 
Bt*#feo fcfcU SBN. PBN^riU*0£«ffifttt 

1/^7 5 OMl OMT^yVMIrlLfCo SBN 
»1(^RHEED, X^lHlUf^J:t/D-E t ^T^y i^^ 
30 ^t^g^r^rix-^ma 2 l . El 2 2*5J:tf[2|2 3I^L 
fc 0 PBN*Ht^Xl*lHllff«:ia2 4«^L^i 0 xauasr 
X r> SBNi3j:t^PBNSH«ttcffi*— ErnlKt?fe6w 
irdS^So RHEED^^S iSfi^O»^ftH« 
SBN[100]//Si[010] . PBN[100]//Si[010] T^fe^w 

Jt^m^iL sbn^ 2 oo, pbn^ 

3 10t$)ot, $^IIC(DD-Et^fy^^fl|l 
IFET^^^HS iSfi±(^^y-t/V^8t, 

[0156] HJE^J 7 
40 Hi£#iJ 1 !^4oV^TBaTi0 3 (O^ii:^:50nm^ UfcBaTi0 3 (00 
l)/Zr0 2 (001)/Si(100)«SBI. H*ffj4(7>Pt(001)/BaTi 

o 3 (ooi)/zro 2 (ooi)/si(ioo) mmm&Vfm^. ^rib& 

mt\^tz 0 fc^cU Hlfi«l, Zr0 2 W 
IK^IS^O. 0 6nm/st Lfc^s. **JfiWX*ttO. 0 3 
rm/st LfCo Zr0 2 J^<7XJh!5R z S'J^ 

L^fiFft? 0 . 8 0 nmJBAT-CJfc 5 . S'JS©0f O 8 O % 
T*0. 4 Onra&T-C&oTcio 

[0157] S^«*T*S^^700 ^(^DjfeU, 2 Orp 

50 m#*&l 0cc/»O«*t?*AL, SK-hlwBi^ . 
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T i Ox (x=l. 6 7) &*tl*:tl<OM&mfrt>1&& 
$^-6C k\Z.X *) . BlJ?3 0 Onro(DBi 4 Ti 3 0 12 mtmWk 
£^j#bfc 0 Bi 2 03 : T i Ox<D 

I^<tl9, Bi 4 Ti 3 0 12 /BaTi0 3 (001)/ZrO^(001)/Si(100), 
Bi 4 Ti 3 0 12 /Pt (001) /BaTi0 3 (001) /ZrOg (001) /Si (100) <D 

[0 1 5 8 J 1212 5tC, Bi 4 Ti 3 0 12 /Pt (00l)/BaTiO 3 (00 
l)/Zr0 2 (001)/Si(100)ORHEED 0261CX 
^^^^^0 #e>HfcBi 4 Ti 3 0 12 I*. X$Ua]#r 10 

«W:Bi 4 Ti 3 0 1 2 [lOO]//Si[010]X&£ C k #t>t>*&. * 
BaTi0 3 (001) 0U:I^ALftlfii4Ti 3 O 1 2 J^lwOV^T 

[0 15 9] *fc. Bi 4 Ti3p 12 (001)/BaTiO 3 (001)/ZrO 

2 (ooi)/Si (ioo)«J6o«W*ffiKPt««, SiSSI-Aim 
tt*r*fifcU C-V »tt*:MeLfc£££, 02 71:^1 

4r*fti&b*: 0 
[0160] %|fe0ij 8 
H5£#J 1 ICjoV>TBaTi0 3 CO^@^50nra^ bfcBaTiO^OO 
1) /Zr0 2 (001) /Si (100) fl[ AIR. *«fi« 4 Olr (001) /BaTi 
0 3 (001)/Zr0 2 (001)/Si(100) Ull^^St, Ctl^^ 

jHtr*. mmm 1 1 mm t bfc 0 

[0161] JC^WFf-CSKSrTOO nCKiDiRU 2 Orp 30 
^^f^^rl Occ/^O^X^AU Ste±l-Bi 2 0 3 . 

X D . Mi? 3 0 0nmOBi 2 SrNb 2 0 9 ^fl^JS&^ b 
*l„ JRSK^&OWIfrrJ:. Bi 2 03 : Sr:Nb 2 0 5 O^eyVit^ 
1:1: 1 5 l£fRI»b*asfcfTofc 0 -tl^J: 

9 . B i 2 SrNb 2 O9 /BaT i0 3 (00 1 ) /Zr0 2 (00 1 ) /S i ( 1 00) , B i 2 Sr 
Nb 2 0g/ Ir < 001 > /BaTiGj (001) /Zr0 2 (001) /Si (100) GO«Jf 

[0 16 2] 19 2 8 Bi 2 SrNb 2 09/Ir(001)/BaTi0 3 (00 40 
l)/Zr0 2 (001)/Si(100)ORHEED — ^S:. (92 9ICX 
#UalWOjg*&7j*i-o #^^fcBi 2 SrNb 2 0 9 Ji, X|$(s]#t 

^HBi 2 SrNb 2 09[100]//Si[010]"C*)5C kfct>faZ> 0 Ba 
Ti0 3 (001) ^iC^UfcBigSrNb^gK^oVNTt, X 
3»E1J)T*3 i^RHEED <Oje*»|Rj«t? o fc 0 
[0 16 3] &tc. Bi 2 SrNb 2 O 9 (001)/BaTiO 3 (00l)/ZrO2 
(001)/Si(100) ig^^^6 5 0t, 10#B8T 

=--~M&, mmwtmm. si**u:Aiwss:jR*u c- 50 
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fribo. 3 5V^*y-^yhmhfc:ii:4 
[0 16 4] fc*3, £JLtO»*ra\ ±IE^Ote(0-<n 
[0 16 5] 

bfc(0Ol)BaTiO 3 c ffififR!***^* 

^ M»Ki^«rZ r o 2 &3=i£ftk'*%mimMm& 
frl>X$im&L±X~&ZZk&'Bimk LfcfcOTfc!!), ^ 

r% ^^i<Kp a p®^^^iri£^2^>'^±^s^ 

S*M*ifi"e*#«:^ci*^«wJ:»>iHJXb, «*<?5S i 
0 2 ^Wi-^^^lCct^DRAMfflOOri^^^J: 

t/y- h k bT«fiRds pTffi-CfcS, $ kt-#g8utl-«l 
ffifflt* bXS i ^t^r^iCtt) SO I^>T*& 

W^^y, ^SHrViK 
-fs. ^>T^fs OEIC, SQUID. ^3t7y> 

[192] (a) HtlXKOSBDiS^RHEED/^- 
y^Ttg^0"Cfe^ (b) H2X1, lX2fc6V^ 
liCtl^M^UTV^^RHEED/^-y^ 

[19 3] zr&mkmmz£*)M&£}itiixi<Dmm 

&oT> RHEED/^-y^^tt)OTfc^ Si* 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a laminating thin film equipped with the orientation thin film which the oxide thin film is 
formed on the semiconductor single crystal substrate, and at least one layer of this oxide thin film was 
formed by perovskite type or tungsten-bronze type dielectric materials on this oxide thin film including 
the epitaxial thin film which made the principal component the zirconium oxide stabilized with the 
zirconium oxide or the rare-earth-metal element (Sc and Y are included), and carried out c-th page 
single orientation to the substrate front face at parallel. 

[Claim 2] The laminating thin film of the claim 1 whose dielectric materials of a described [ above ] 
perovskite type or a tungsten-bronze type are a barium titanate, a strontium titanate, a zircon lead 
titanate (PZT), niobic-acid strontium barium (SBN), or niobic-acid barium lead (PBN). 
[Claim 3] The laminating thin film of the claims 1 or 2 whose aforementioned orientation thin films are 
epitaxial films. 

[Claim 4] The laminating thin film of the claim 3 whose crystallographic-axis orientation relationship of 
the aforementioned orientation thin film and Si single crystal substrate the aforementioned 
semiconductor single crystal substrate is Si single crystal substrate which has Si (100) side on a front 
face, and is a perovskite, or tungsten-bronze [100]//Si [010]. 

[Claim 5] A laminating thin film equipped with the orientation thin film whose crystallographic-axis 
orientation relationship it is formed with a perovskite type or tungsten-bronze type material on Si single 
crystal substrate formed with Si single crystal which has Si (100) side on a front face, and is an epitaxial 
film, and is a perovskite, or tungsten-bronze [100]//Si [010]. 

[Claim 6] The laminating thin film of the claim 5 whose material of a described [ above ] perovskite 
type or a tungsten-bronze type is a barium titanate, a strontium titanate, a zircon lead titanate (PZT), 
niobic-acid strontium barium (SBN), or niobic-acid barium lead (PBN). 

[Claim 7] The laminating thin film of the claims 5 or 6 by which the oxide thin film containing at least 
one layer of epitaxial thin films which make a principal component the zirconium oxide stabilized with 
the zirconium oxide or the rare-earth-metal element (Sc and Y are included) is interposed between the 
aforementioned Si single crystal substrate and the orientation thin film. 

[Claim 8] A laminating thin film equipped with the orientation thin film which is an epitaxial film 
formed by tungsten-bronze die materials on the semiconductor single crystal substrate. 
[Claim 9] The laminating thin film of the claim 8 whose aforementioned tungsten-bronze die materials 
are niobic-acid strontium barium (SBN) or niobic-acid barium lead (PBN). 

[Claim 10] The laminating thin film of the claims 8 or 9 whose aforementioned semiconductor single 

crystal substrates are Si single crystal substrates which have Si (100) side on a front face. 

[Claim 1 1] One laminating thin film of the claims 8-10 by which the oxide thin film containing at least 

one layer of epitaxial thin films which make a principal component the zirconium oxide stabilized with 

the zirconium oxide or the rare-earth-metal element (Sc and Y are included) is interposed between the 

aforementioned semiconductor single crystal substrate and the orientation thin film. 

[Claim 12] The laminating thin film which has an oxide thin film containing the 1st epitaxial film which 
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made the principal component the zirconium oxide stabilized with the zirconium oxide or the rare-earth- 
metal element (Sc and Y are included), and was formed on the semiconductor single crystal substrate, 
and the orientation thin film which is the 2nd epitaxial film by the perovskite die materials directly 
formed on this 1st epitaxial film. 

[Claim 13] The laminating thin film of the claim 12 to which the perovskite die materials of the 2nd 
epitaxial film of the above make a principal component a barium titanate, strontium titanates, or these 
solid solutions. 

[Claim 14] The laminating thin film of the claims 12 or 13 whose crystallographic-axis orientation 
relationships of this Si single crystal substrate and an orientation thin film the aforementioned 
semiconductor single crystal substrate is Si single crystal substrate which has Si (100) side on a front 
face, and are perovskite [100]// Si [010]. 

[Claim 15] The laminating thin film which is formed with a metal or a conductive oxide on Si single 
crystal substrate which has Si (100) side on a front face, and equips a substrate front face and parallel 
with the conductive orientation thin film which is the c-th page or an epitaxial film which carried out a- 
th page single orientation. 

[Claim 16] The laminating thin film of the claim 15 which the aforementioned metal is a metal 
containing at least one sort in Pt, Ir, Os, Re, Pd, Rh, and Ru, and is the oxide or perovskite oxide with 
which the aforementioned conductive oxide contains In. 

[Claim 17] The laminating thin film of the claims 15 or 16 by which the oxide thin film containing at 
least one layer of epitaxial thin films which make a principal component the zirconium oxide stabilized 
with the zirconium oxide or the rare-earth-metal element (Sc and Y are included) is interposed between 
the aforementioned Si single crystal substrate and the conductive orientation thin film. 
[Claim 18] A laminating thin film equipped with the orientation thin film which was formed with the 
metal or the conductive oxide on Si single crystal substrate which has Si (100) side on a front face, and 
was formed of a perovskite type or tungsten-bronze die materials at a substrate front face and parallel on 
the conductive orientation thin film which is the c-th page or an epitaxial film which carried out a-th 
page single orientation, and this conductive orientation thin film. 

[Claim 19] The laminating thin film of the claim 18 which the aforementioned metal is a metal 
containing at least one sort in Pt, Ir, Os, Re, Pd, Rh, and Ru, and is the oxide or perovskite oxide with 
which the aforementioned conductive oxide contains In. 

[Claim 20] The laminating thin film of the claims 18 or 19 whose perovskite types or tungsten-bronze 
die materials of the aforementioned orientation thin film is a barium titanate, a strontium titanate, a 
zircon lead titanate (PZT), niobic-acid strontium barium (SBN), or niobic-acid barium lead (PBN). 
[Claim 21] One laminating thin film of the claims 18-20 whose aforementioned orientation thin films 
are epitaxial films. 

[Claim 22] The laminating thin film of the claim 21 whose crystallographic-axis orientation relationship 
of the aforementioned Si substrate and an orientation thin film is a perovskite, or tungsten-bronze 
[100]//Si [010]. 

[Claim 23] One laminating thin film of the claims 18-22 whose field orientation relationships between 

the aforementioned Si single crystal substrate, a conductive orientation thin film, and an orientation thin 

film are a perovskite, or tungsten-bronze (001)// conductive thin film (001)// Si (100). 

[Claim 24] One laminating thin film of the claims 18-23 which interposed the oxide thin film containing 

at least one layer of epitaxial thin films which make a principal component the zirconium oxide 

stabilized between the aforementioned Si single crystal substrate and the conductive orientation thin film 

with the zirconium oxide or the rare-earth-metal element (Sc and Y are included). 

[Claim 25] The claims 1-5 whose composition of the zirconium oxide stabilized with the zirconium 

oxide or rare-earth-metal element (Sc and Y are included) of the aforementioned oxide thin film is Zrl- 

xRx 02-delta (here, R is a rare-earth-metal element containing Sc and Y, and is x= 0 to 0.75, and 

delta=0-0.5), 7, 1 1, 12-14, the laminating thin film of 17 or 24. 

[Claim 26] the composition element excluding [ the zirconium oxide of the aforementioned oxide thin 
film ] oxygen - converting — Zr — more than 93mol% — the laminating thin film of the claims 1-5 to 
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contain, 7, 1 1, 12-14, or 17, 24-25 . 

[Claim 27] The claims 1-5 whose half-value width of the rocking curve of reflection (002) of the 
aforementioned oxide thin film is 1.5 degrees or less, 7, 1 1, 12-14, the laminating thin film of either 17, 
24-26. 

[Claim 28] The claims 1-5 whose ten-point averages of roughness height Rz with a criteria length of 
500nm at least 80% of the front face of the aforementioned oxide thin film is 2nm or less, 7, 11, 12-14, 
the laminating thin film of either 17, 24-27. 

[Claim 29] The claims 1-5, the laminating thin film of either 7, 11, 17, 24-28 which contain at least the 
1st epitaxial film to which the aforementioned oxide thin film makes a principal component the 
zirconium oxide stabilized by the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included), and the 2nd epitaxial film by the perovskite die materials formed on it. 
[Claim 30] The laminating thin film of the claim 29 to which the perovskite die materials of the 2nd 
epitaxial film of the above make a principal component a barium titanate, strontium titanates, or these 
solid solutions. 

[Claim 31] The laminating thin film of the claims 29 or 30 whose crystallographic-axis orientation 
relationships of the aforementioned Si single crystal substrate and the 2nd epitaxial film by the 
aforementioned perovskite die materials are perovskite [100]// Si [010]. 

[Claim 32] The substrate for electron devices equipped with one laminating thin film of the claims 1-31. 
[Claim 33] An electron device equipped with one laminating thin film of the claims 1-31. 
[Claim 34] It is the manufacture method of the laminating thin film characterized by providing the 
following, within a vacuum tub Supply by heating of Si single crystal substrate, introduction of the 
oxidizing gas into a vacuum tub, and the evaporation to the single crystal substrate front face of Zr or Zr, 
and at least one sort of rare-earth-metal elements (Sc and Y are included) is performed. The manufacture 
method of the laminating thin film which forms in the front face of the aforementioned single crystal 
substrate the single orientation epitaxial film to which the aforementioned oxide thin film grows 
[ make ] epitaxially, and makes this the aforementioned oxide thin film. The oxide thin film formed on 
Si single crystal substrate and this Si single crystal substrate by the zirconium oxide stabilized with the 
zirconium oxide or the rare-earth-metal element (Sc and Y are included). The orientation thin film 
formed by the perovskite type or tungsten-bronze die materials on this oxide thin film. 
[Claim 35] The zirconium oxide stabilized with the aforementioned zirconium oxide or the rare-earth- 
metal element (Sc and Y are included) is Zrl-x Rx 02-delta (here, R is a rare-earth-metal element 
containing Sc and Y, and is x=0-0.75.). Moreover, delta is 0-0.5. The manufacture method of the 
laminating thin film of the claim 34 which is the thing of composition. 

[Claim 36] The manufacture method of the laminating thin film of claims 34 or 35 using Si surface 
treatment substrate which has the surface structure of 1x1 formed in the substrate front face of Zr or Zr 
and at least one sort of rare-earth-metal elements (Sc and Y are included), and oxygen as the 
aforementioned Si single crystal substrate. 

[Claim 37] While the aforementioned Si surface treatment substrate forms Si oxide layer with a 
thickness of 0.2-1 Onm in Si single crystal substrate front face and sets substrate temperature as 600-1200 
degrees C after this A oxidizing gas is introduced in a vacuum tub and the oxygen tension of the 
atmosphere near the substrate is set to 1x10-4 - lxlO-lTorr at least, in this state The manufacture 
method of the laminating thin film of the claim 36 obtained by evaporating Zr or Zr, and at least one sort 
of rare-earth-metal elements (Sc and Y being included) on the substrate front face in which the 
aforementioned Si oxide layer was formed, and supplying it. 

[Claim 38] Si single crystal substrate is heated at 300-700 degrees C within the vacuum tub which 
introduced the oxidizing gas when forming the aforementioned Si oxide layer, and it is the manufacture 
method of the laminating thin film of the claim 37 in a vacuum tub which sets the oxygen tension of the 
atmosphere near the substrate to 1x10 to 4 or more Torrs at least, and forms Si oxide layer. 
[Claim 39] The manufacture method of one laminating thin film of the claims 34-38 of injecting a 
oxidizing gas from the near on the front face of the aforementioned Si single crystal substrate, and 
making atmosphere where a oxidizing gas partial pressure is higher than other portions only near [ this ] 
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the Si single crystal substrate. 

[Claim 40] Substrate surface area is the aforementioned Si single crystal substrate 10cm 2 The 
manufacture method of one laminating thin film of the claims 34-39 which offer the aforementioned 
oxidizing gas quantity partial pressure atmosphere over the whole Si single crystal substrate, and form a 
uniform oxide thin film substantially over the whole surface surface of this Si single crystal substrate by 
rotating a substrate while considering as the above thing. 

[Claim 41] The manufacture method of one laminating thin film of the claims 34-40 which heat the 
aforementioned Si single crystal substrate at 750 degrees C or more in case the aforementioned epitaxial 
film is formed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the multilayer structure where it 
is mainly used for a semiconductor memory cell and a transistor cell at a detail, further about a 
laminating thin film equipped with the dielectric layer and electrode layer of a perovskite type or a 
tungsten-bronze type, the substrate for electron devices equipped with this laminating thin film, an 
electron device, and the manufacture method of a laminating thin film. 
[0002] 

[Description of the Prior Art] The electron device which formed the superconductivity film or the 
dielectric film on the semiconducting-crystal substrate which is mainly Si single crystal substrate, and 
was integrated is devised. By combining a semiconductor, a superconductor, or a dielectric, the 
dielectric separation LSI by still higher LSI of a degree of integration and SOI technology, a nonvolatile 
memory, an infrared sensor, an optical modulator and an optical switch, OEIC (opto-electronic 
integrated circuit : opto-electronic integrated circuits), etc. are made as an experiment in the combination 
of a semiconductor and a superconductor with semiconductors, such as SQUID, a Josephson device, a 
superconductivity transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI, and 
the dielectric. 

[0003] In the semiconductor device using these superconductors material or dielectric materials, in order 
to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 

[0004] The crystal structure of the main oxides superconductors and ferroelectrics which are 
applicatively worthy has taken the perovskite structure. Now, it is impossible for epitaxial growth of a 
perovskite type oxide to be greatly dependent on the material and crystal orientation of a substrate, and 
to grow a perovskite type oxide epitaxially directly to up to Si substrate. Then, the buffer layer by YSZ 
(material which doped Y to Zr02) which grew epitaxially to Si substrate is prepared. Growing 
epitaxially the superconduction film of YBCO [ which is a perovskite type oxide on it ], and Bi system 
Appl.Phys.Lett., Vol.54, No.8, p.754-p.756 (1989), Japanese Journal of Applied It is stated to Physics, 
Vol.27, No.4, L634-635 (1988), and JP,2-82585,A. 

[0005] Especially YSZ has good Si crystal and grid adjustment of a substrate, and since grid adjustment 
with a perovskite crystal is also further excellent, the YSZ film on Si substrate attracts attention as buffer 
material of Si substrate and a perovskite crystal film from early. 

[0006] however, the perovskite type oxide crystal by which direct epitaxial growth is realized in this 
way until now using the YSZ buffer layer - YBa2 Cu 307-x (YBCO), BiSrCaCu2 Ox, and LaSrCo03 
etc. — it is — it is a compound perovskite altogether A compound perovskite is K2 NiF4 which is 
deformation of a simple perovskite. Type and Nd2 Cu04 Type and Sr3 Ti 207 The crystal structure of 
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type etc. is taken. Such a compound perovskite has the strong anisotropy of an a-axis and c axis to c 
shaft orientations with long period structure. Therefore, a c axis stacking tendency is strong, and it is 
easy to obtain the epitaxial film of c axis orientation, using a substrate as the c-th page. 
Appl Phys Lett 57 (1 1) As stated to 1 161-1 163 (1990) The field orientation relationship of an epitaxial 
film YBCO(001)//YSZ(001)// Si (100), And YBCO[l 10]//YSZ[100]//Si [010] Becoming, the unit lattice 
of YBCO is YSZ. 45 degrees rotates within the c-th page to a grid, adjustment of a grid can be taken, 
and it grows epitaxially. 

[0007] In examination of artificers, the material based on simple perovskite structures, such as BaTiC>3, 
SrTi03 PbTi03, PZT, and PLZT, however, as mentioned above In BaTi03, for example, like BaTi03 
(001)//YSZ(001)// Si (100), and BaTi03[l 10]//YSZ[100]//Si [010] About the unit lattice of BaTi03, it 
is YSZ. It is c to a grid. It was impossible for 45 degrees to have rotated in a field, to have been able to 
take adjustment of a grid, and to have made it grow epitaxially. Moreover, there is also no report from 
other researchers. 

[0008] The material based on simple perovskite structures, such as BaTi03, SrTi03, PbTi03, PZT, and 
PLZT, has [ this ] a small anisotropy at a perovskite structure with a simple unit lattice. Therefore, 
orientation (001) growth (1 10) of a simple perovskite structure rather than it rotates and carries out grid 
adjustment in a field It thinks because it becomes orientation and grid adjustment is taken. Therefore, 
simple perovskite structure (001) An orientation epitaxial film is not obtained. 

[0009] By the way, BaTi03, PbTi03, PZT, PLZT, etc. are ferroelectrics, and can realize a nonvolatile 
memory by combining with a semiconductor device. Although this memory uses the polarization 
reversal of a ferroelectric, the polarization shafts of ferroelectrics, such as BaTi03, PbTi03, PZT, and 
PLZT, are c shaft orientations of a perovskite structure. Therefore, in order to use the ferroelectric film 
of these for memory (001), it is. It is necessary to use an orientation film. However, as mentioned above, 
when the material of simple perovskite structures, such as BaTi03, PbTi03, PZT, and PLZT, is formed 
through YSZ on Si (001) The epitaxial film of orientation was not obtained until now., 
[0010] 

[Problem(s) to be Solved by the Invention] The main purpose of this invention is offering the 
manufacture method of the laminating thin film which has the c-th page single orientation thin film 
which consists of a simple perovskite type of c-th page single orientation, or a tungsten-bronze type 
material, the substrate for the electron devices equipped with this laminating thin film, an electron 
device, and the aforementioned laminating thin film. 

[001 1] In order to solve such a technical problem, artificers discovered using the thin film which has 
high crystallinity and the flat nature of molecule level for the thin film which makes Zr02 a principal 
component, and that it was especially solvable by finding out the new crystal-growth method about a 
perovskite oxide thin film, as a result of repeating examination. 
[0012] 

[Means for Solving the Problem] Specifically, such a purpose is attained by this invention of following 
the (1)- (41). 

(1) It is a laminating thin film equipped with the orientation thin film which the oxide thin film is 
formed on the semiconductor single crystal substrate, and at least one layer of this oxide thin film was 
formed by perovskite type or tungsten-bronze type dielectric materials on this oxide thin film including 
the epitaxial thin film which made the principal component the zirconium oxide stabilized with the 
zirconium oxide or the rare-earth-metal element (Sc and Y are included), and carried out c-th page 
single orientation to the substrate front face at parallel. 

(2) The laminating thin film of the above (1) whose dielectric materials of a described [ above ] 
perovskite type or a tungsten-bronze type are a barium titanate, a strontium titanate, a zircon lead 
titanate (PZT), niobic-acid strontium barium (SBN), or niobic-acid barium lead (PBN). 

(3) The above (1) or (2) laminating thin films whose aforementioned orientation thin film is an epitaxial 
film. 

(4) The laminating thin film of the above (3) whose crystallographic-axis orientation relationship of the 
aforementioned orientation thin film and Si single crystal substrate the aforementioned semiconductor 
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single crystal substrate is Si single crystal substrate which has Si (100) side on a front face, and is a 
perovskite, or tungsten-bronze [100]//Si [010]. 

(5) A laminating thin film equipped with the orientation thin film whose crystallographic-axis 
orientation relationship it is formed with a perovskite type or tungsten-bronze type material on Si single 
crystal substrate formed with Si single crystal which has Si (100) side on a front face, and is an epitaxial 
film, and is a perovskite, or tungsten-bronze [100]//Si [010]. 

(6) The laminating thin film of the above (5) whose material of a described [ above ] perovskite type or a 
tungsten-bronze type is a barium titanate, a strontium titanate, a zircon lead titanate (PZT), niobic-acid 
strontium barium (SBN), or niobic-acid barium lead (PBN). 

(7) The above (5) or (6) laminating thin films by which the oxide thin film containing at least one layer 
of epitaxial thin films which make a principal component the zirconium oxide stabilized with the 
zirconium oxide or the rare-earth-metal element (Sc and Y are included) is interposed between the 
aforementioned Si single crystal substrate and the orientation thin film. 

(8) A laminating thin film equipped with the orientation thin film which is an epitaxial film formed by 
tungsten-bronze die materials on the semiconductor single crystal substrate. 

(9) The laminating thin film of the above (8) whose aforementioned tungsten-bronze die materials are 
niobic-acid strontium barium (SBN) or niobic-acid barium lead (PBN). 

(10) The above (8) or (9) laminating thin films whose aforementioned semiconductor single crystal 
substrate is Si single crystal substrate which has Si (100) side on a front face. 

(11) the above — a semiconductor — a single crystal — a substrate — orientation — a thin film — between 
— a zirconium oxide — or — the rare earth metal — an element (Sc and Y are included) ~ stabilizing — 
having had — a zirconium oxide — a principal component — ** — carrying out — epitaxial — a thin film — 
at least — one — a layer — containing — an oxide — a thin film — interposing — having — **** — the 
above — (— eight — ) (— ten — ) — either — 

(12) The laminating thin film which has an oxide thin film containing the 1st epitaxial film which made 
the principal component the zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal 
element (Sc and Y are included), and was formed on the semiconductor single crystal substrate, and the 
orientation thin film which is the 2nd epitaxial film by the perovskite die materials directly formed on 
this 1st epitaxial film. 

(13) The laminating thin film of the above (12) to which the perovskite die materials of the 2nd epitaxial 
film of the above make a principal component a barium titanate, strontium titanates, or these solid 
solutions. 

(14) The above (12) or (13) laminating thin films whose crystallographic-axis orientation relationships 
of this Si single crystal substrate and an orientation thin film the aforementioned semiconductor single 
crystal substrate is Si single crystal substrate which has Si (100) side on a front face, and are perovskite 
[100]// Si [010]. 

(15) The laminating thin film which is formed with a metal or a conductive oxide on Si single crystal 
substrate which has Si (100) side on a front face, and equips a substrate front face and parallel with the 
conductive orientation thin film which is the c-th page or an epitaxial film which carried out a-th page 
single orientation. 

(16) The laminating thin film of the above (15) which the aforementioned metal is a metal containing at 
least one sort in Pt, Ir, Os, Re, Pd, Rh, and Ru, and is the oxide or perovskite oxide with which the 
aforementioned conductive oxide contains In. 

(17) The above (15) or (16) laminating thin films by which the oxide thin film containing at least one 
layer of epitaxial thin films which make a principal component the zirconium oxide stabilized with the 
zirconium oxide or the rare-earth-metal element (Sc and Y are included) is interposed between the 
aforementioned Si single crystal substrate and the conductive orientation thin film. 

(18) A laminating thin film equipped with the orientation thin film which was formed with the metal or 
the conductive oxide on Si single crystal substrate which has Si (100) side on a front face, and was 
formed of a perovskite type or tungsten-bronze die materials at a substrate front face and parallel on the 
conductive orientation thin film which is the c-th page or an epitaxial film which carried out a-th page 

http ://www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgi_ejj e 8/2 1 /2003 



Page 4 of 25 



single orientation, and this conductive orientation thin film. 

(19) The laminating thin film of the above (18) which the aforementioned metal is a metal containing at 
least one sort in Pt, Ir, Os, Re, Pd, Rh, and Ru, and is the oxide or perovskite oxide with which the 
aforementioned conductive oxide contains In. 

(20) The above (18) or (19) laminating thin films whose perovskite type or tungsten-bronze die 
materials of the aforementioned orientation thin film is a barium titanate, a strontium titanate, a zircon 
lead titanate (PZT), niobic-acid strontium barium (SBN), or niobic-acid barium lead (PBN). 

(21) One laminating thin film of above-mentioned (18) - (20) whose aforementioned orientation thin 
films are epitaxial films. 

(22) The laminating thin film of the above (21) whose crystallographic-axis orientation relationship of 
the aforementioned Si substrate and an orientation thin film is a perovskite, or tungsten-bronze [100]//Si 
[010]. 

(23) One laminating thin film of above-mentioned (18) - (22) whose field orientation relationships 
between the aforementioned Si single crystal substrate, a conductive orientation thin film, and an 
orientation thin film are a perovskite, or tungsten-bronze (001)// conductive thin film (001)// Si (100). 

(24) the above - Si ~ a single crystal ~ a substrate — conductivity - orientation - a thin film - between 

— a zirconium oxide — or - the rare earth metal — an element (Sc and Y are included) — stabilizing — 
having had - a zirconium oxide — a principal component — ** — carrying out — epitaxial - a thin film — 
at least — one — a layer - containing — an oxide - a thin film - having interposed — the above - (-- 18 - 
_) (— 23 — ) — either — a laminating 

(25) Composition of the zirconium oxide stabilized with the zirconium oxide or rare-earth-metal element 
(Sc and Y are included) of the aforementioned oxide thin film is Zrl-x Rx 02-delta (here). R is a rare- 
earth-metal element containing Sc and Y, and is x= 0 to 0.75, and delta=0-0.5 — it is - the laminating 
thin film of above-mentioned (1) - (5), (7), (1 1), and (12) - (14), (17) or, and (24) 

(26) the composition element excluding [ the zirconium oxide of the aforementioned oxide thin film ] 
oxygen — converting — Zr — more than 93mol% ~ the laminating thin film of above-mentioned (1) - (5) 
to contain, (7), (1 1) or, and (12) - (14), (17), and (24) - (25) 

(27) The laminating thin film of above-mentioned (1) - (5) whose half-value width of the rocking curve 
of reflection (002) of the aforementioned oxide thin film is 1.5 degrees or less, (7), (1 1) or, and (12) - 
(14), (17), and (24) - (26). 

(28) the above — an oxide — a thin film — a front face — at least — 80 — % — criteria — length — 500 — 
nm — ten — a point — the average of roughness height — Rz — two — nm — less than — it is — the above - 

- (- one -) (- five --) - (- seven -) - (-- 1 1 --) - (-- 12 -) (~ 14 ~) (- 17 -) - (- 24 

(29) One laminating thin film of the above-mentioned (1) - (5), (7), (1 1), (17), and (24) - which contains 
at least the 1st epitaxial film to which the aforementioned oxide thin film makes a principal component 
the zirconium oxide stabilized by the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included), and the 2nd epitaxial film by the perovskite die materials formed on it (28). 

(30) The laminating thin film of the above (29) to which the perovskite die materials of the 2nd epitaxial 
film of the above make a principal component a barium titanate, strontium titanates, or these solid 
solutions. 

(31) The above (29) or (30) laminating thin films whose crystallographic-axis orientation relationships 
of the aforementioned Si single crystal substrate and the 2nd epitaxial film by the aforementioned 
perovskite die materials are perovskite [100]// Si [010]. 

(32) The above (1) Substrate for electron devices equipped with one laminating thin film of - (31). 

(33) The above (1) Electron device equipped with one laminating thin film of - (31). 

(34) The oxide thin film formed on Si single crystal substrate and this Si single crystal substrate by the 
zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included), It is the manufacture method of a laminating thin film equipped with the orientation thin film 
formed by the perovskite type or tungsten-bronze die materials on this oxide thin film, within a vacuum 
tub Supply by heating of Si single crystal substrate, introduction of the oxidizing gas into a vacuum tub, 
and the evaporation to the single crystal substrate front face of Zr or Zr, and at least one sort of rare- 
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earth-metal elements (Sc and Y are included) is performed. The manufacture method of the laminating 
thin film which forms in the front face of the aforementioned single crystal substrate the single 
orientation epitaxial film to which the aforementioned oxide thin film grows [ make ] epitaxially, and 
makes this the aforementioned oxide thin film. 

(35) The zirconium oxide stabilized with the aforementioned zirconium oxide or the rare-earth-metal 
element (Sc and Y are included) is Zrl-x Rx 02-delta (here, R is a rare-earth-metal element containing 
Sc and Y, and is x=0-0.75.). Moreover, delta is 0-0.5. The manufacture method of the laminating thin 
film the above (34) which is the thing of composition. 

(36) The above (34) using Si surface treatment substrate which has the surface structure of lxl formed 
in the substrate front face of Zr or Zr and at least one sort of rare-earth-metal elements (Sc and Y are 
included), and oxygen as the aforementioned Si single crystal substrate, or the manufacture method of 
the laminating thin film of (35). 

(37) While the aforementioned Si surface treatment substrate forms Si oxide layer with a thickness of 
0.2-10nm in Si single crystal substrate front face and sets substrate temperature as 600-1200 degrees C 
after this A oxidizing gas is introduced in a vacuum tub and the oxygen tension of the atmosphere near 
the substrate is set to 1x10-4 - lxlO-lTorr at least, in this state The manufacture method of the 
laminating thin film the above (36) obtained by evaporating Zr or Zr, and at least one sort of rare-earth- 
metal elements (Sc and Y being included) on the substrate front face in which the aforementioned Si 
oxide layer was formed, and supplying it. 

(38) the inside of the vacuum tub which introduced the oxidizing gas when forming the aforementioned 
Si oxide layer — Si single crystal substrate — 300-700 degrees C — heating — the manufacture method of 
the laminating thin film the above in a vacuum tub (37) which sets the oxygen tension of the atmosphere 
near the substrate to 1x10 to 4 or more Torrs at least, and forms Si oxide layer 

(39) the above — Si — a single crystal — a substrate — a front face — the — near — from — a oxidizing gas 
— injecting — this — Si — a single crystal — a substrate — near — only — others — a portion — a oxidizing 
gas — a partial pressure — being high — atmosphere — making — the above — (— 34 — ) - (— 38 — ) — 
either — a laminating — a thin film — manufacture — a method . 

(40) Substrate surface area is the aforementioned Si single crystal substrate 10cm 2 The manufacture 
method of one laminating thin film of above-mentioned (34) - (39) which offers the aforementioned 
oxidizing gas quantity partial pressure atmosphere over the whole Si single crystal substrate, and forms 
a uniform oxide thin film substantially over the whole surface surface of this Si single crystal substrate 
by rotating a substrate while considering as the above thing. 

(41) The manufacture method of one laminating thin film of above-mentioned (34) - (40) which heats 
the aforementioned Si single crystal substrate at 750 degrees C or more in case the aforementioned 
epitaxial film is formed. 

[0013] 

[Function] On the 1st [ of this invention ] oxide thin film (ground layer), the simple BEROBUSU kite 
film which is an orientation thin film can be grown epitaxially good. Further for example, it is BaTi03- 
Zrl-x RxOl -delta-Si. Then They are BaTiO3(001)// Zrl-xRx02 about a field orientation relationship. - 
delta (001)// Si (100), And they are BaTiO3[100]// Zrl-xRx02 about a crystallographic-axis direction. - 
It is made to grow up by delta[100]// Si [010] (001), BaTi03 thin film of orientation can be obtained. 
Moreover, conductive epitaxial films, such as dielectric materials (a little more than), such as a tungsten- 
bronze type [ type / {a stratified perovskite type (K2 NiF4 type is included) is included} / compound 
perovskite / other simple perovskite types and ], and a metal, and a conductive oxide, can be obtained on 
Si by using this laminating thin film as a ground layer, i.e., a buffer layer. 

[0014] Moreover, when rotating a vacuum evaporationo substrate in the field especially, it is 2 10cm. A 
laminating oxide thin film uniform at the above large area and quality can be obtained. 
[0015] In addition, a perovskite type oxide (BaTi03) single crystal film is formed by vapor codeposition 
on a single crystal oxide substrate, and the technology using controlling a composition ratio, heightening 
the pressure of oxygen only near the substrate, and a substrate with the specific orientation side is 
indicated by JP,2-258700,A in this membrane formation using the evaporation source of a separate 
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metallic element. For the laminating thin film by this invention, it begins by optimizing the conditions of 
further the following, and a field orientation relationship is BaTiO3(001)// Zrl-xRx02. - delta(OOl)// Si 
(100), and BaTiO3[100]//Zrl-xRxO2 - Formation of the epitaxial film which are delta[100]// Si [010] is 
attained. Namely, composition Zrl-xRx02-delta formed on Si (100) single crystal (here) The epitaxial 
film which has flat nature on the high crystallinity of R being the rare earth metal containing Sc and Y, 
and being x= 0 to 0.75 and delta=0-0.5 and molecule level is used as a vacuum evaporationo substrate, 
Making heating temperature of a vacuum evaporationo substrate into 1200 degrees C from 850 **, the 
formation early stages of BaTi03, That is, it is on Si substrate (001) by what supply ratio Ba/Ti of a 
metallic element is set to 0-1 for in the field of 0-1 nm of thickness (B site metal is supplied 
superfluously). Epitaxial film growth is enabled. BaTi03 The perovskite die materials and tungsten- 
bronze die materials of an except are also producible similarly. That is, B site metal is superfluously 
supplied in early stages of membrane formation. 

[0016] Furthermore, the technology indicated by above-mentioned JP,2-258700,A is 2 10cm. The 
substrate which has the above large surface area is not targeted at all, but there is nothing even 
suggestion. There is only actually an example of 2 (about 15x15mm 2) also in JP,2-258700,A a substrate 
area of 2.25cm. It is 2 a substrate area of 10cm by rotating a substrate in a substrate side in this 
invention. The above is made possible. 
[0017] 

[Embodiments of the Invention] The laminating thin film by the 1st aspect of this invention The 
zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included) is made into a principal component. The oxide thin film containing at least one layer of 
epitaxial thin films formed on the semiconductor single crystal substrate, And it is formed by the 
perovskite type or tungsten-bronze die materials on it by using this oxide thin film as a ground layer. It 
is characterized by c plane orientation, i.e., (001), orientation, and having more preferably c-th page 
single orientation and the orientation thin film which grew epitaxially still more preferably with a 
substrate front face at parallel. 

[0018] In addition, the single orientation film in this specification means the thing of the crystallization 
film with which the target crystal face is equal to a substrate front face and parallel, concrete - for 
example, a single (001) orientation film, i.e., a c-th page single orientation film, — 10% or less of the 
maximum peak intensity of the field (00L) reflection of reflectivity other than a field (00L) by 
membranous 2 theta-theta X diffraction (XRD) — desirable — 5% or less of thing — it is . in addition, this 
specification - setting (00L) - etc. (002) etc. - the display which names an equivalent field generically 
- it is - etc. (LOO) etc. - ******** „ it is the same ( 0 oi) 

[0019] Moreover, when an epitaxial film makes the inside of a film surface a X-Y side and sets the Z- 
axis as the direction of thickness in this specification, the crystal is gathering and carrying out 
orientation to both the X-axis, a Y-axis, and Z shaft orientations. 10% or less of the maximum peak 
intensity of the field which the peak intensity of reflection of things other than the field made into the 
purpose specifically makes the purpose when measurement by the X diffraction is performed in the first 
place — desirable — 5% or less — it is necessary to be . an epitaxial film (001), i.e., a c-th page epitaxial 
film, - membranous 2 theta-theta X diffraction — peak intensity other than a field (00L) — 10% or less 
of the maximum peak intensity of a field (00L) — desirable - 5% or less — it is . RHEED evaluation 
needs to show a spot or a streak pattern to the second. It can be called an epitaxial film if these 
conditions are satisfied. In addition, RHEED is a reflective high-speed electron diffraction (Reflection 
High Energy Electron Diffraction), and RHEED evaluation is the index of the orientation of the 
crystallographic axis in a film surface. 

[0020] A simple perovskite type structure is a chemical formula AB03. It is expressed, here, A and B 
express the each cation included in A site in the perovskite type crystal structure, and B site, respectively 
As for A, it is desirable that they are one or more sorts chosen from calcium, Ba, Sr, Pb, K, Na, Li, La, 
and Cd, and, as for B, it is desirable that they are one or more sorts chosen from Ti, Zr, Ta, and Nb. 
[0021] The mol composition ratios of A/B in such a perovskite type compound are 0.8-1.2, and, as for a 
further, it is desirable that it is 0.9-1.1. Since it becomes possible to be able to secure the insulation of a 
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dielectric and to improve crystallinity by making A/B into this range, a dielectric property or strong 
dielectric characteristics is improvable. It becomes impossible on the other hand, to desire an 
improvement effect of crystallinity [ A/B ] less than by 0.8. Moreover, if A/B surpasses 1.2, the 
inclination for formation of a homogeneous thin film to become difficult will arise. Such a composition 
ratio of A/B is realized by controlling membrane formation conditions like the after-mentioned. 
Moreover, above-mentioned AB03 Composition of O which can be set is not limited to 3. The 
perovskite structure stabilized in an oxygen defect or hyperoxia depending on perovskite material may 
be constructed, and it is ABOX. It sets and, as for the value of x, it is desirable that it is 2.7-3.3. 
Moreover, it can ask for the composition ratio of A/B from an X-ray fluorescence analysis. 
[0022] As a simple perovskite type compound in this invention A1+B5+03, A2+B4+03, A3+B3+03, 
and AX B03, A (B , 0.67B ,, 0.33)O3 and A (B'0.33B"0.67)O3, A (B0.5+3 B0.5+5)O3 and A (B0.5 2+ 
B0.56+)O3, A (B0.51+B0.57+)O3 and A3+(B0.52+B0.54+) 03, You maybe any of A 
(B0.251+B0.755+)O3, A (B0.53+B0.54+)O2.75, and A(B0.52+B0.55+) 02.75 grade. 
[0023] concrete - CaTi03, BaTi03, PbTi03, KTa03, BiFe03, NaTa03, SrTi03, CdTi03, KNb03, 
LiNb03, LiTa03, PZT (PbZr03-PbTi03 system), and PLZT (PbZr03-PbTi03 system by which La 
203 was added) — in addition to this, they are Pb system perovskites, these solid solutions, etc. 
[0024] PLZT is PbZr03-PbTi03. It is the compound with which La was doped by PZT which is the 
solid solution of a system, and is AB03. If the notation is followed, it will be A=Pb0.89-0.91La 0.1 1 to 
0.09, and B=Zr0.65Ti0.35, and it is O(Zr(Pb0.89-0.91La 0.11-0.09)0.65Ti0.35) 3. It is shown. 
[0025] the simple perovskite compound with desirable using for this invention — especially — a titanate 
or a titanate content perovskite type compound — it is — for example, BaTi03, SrTi03, PLZT, PZT and 
CaTi03, and PbTi03 etc. - it is desirable 

[0026] Tungsten-bronze type structure is a chemical formula AB 206. It is expressed. A and B express 
the each cation which goes into A site in tungsten-bronze-type-crystal structure, and B site, respectively 
here As for A, it is desirable that they are one or more sorts chosen from calcium, Ba, Sr, Pb, K, Na, Li, 
Cd, Sc, Y, and rare earth elements, and, as for B, it is desirable that they are one or more sorts chosen 
from Nb, Ta, Ti, and Zr. 

[0027] The mol composition ratios of A/B in such a tungsten-bronze type compound are 0.3-0.7, and, as 
for a further, it is desirable that it is 0.4-0.6. Since it becomes possible to be able to secure the insulation 
of a dielectric and to improve crystallinity by making A/B into this range, a dielectric property or strong 
dielectric characteristics is improvable. It becomes impossible on the other hand, to desire an 
improvement effect of crystallinity [ A/B ] less than by 0.3. Moreover, if A/B surpasses 0.7, the 
inclination for formation of a homogeneous thin film to become difficult will arise. Such a composition 
ratio of A/B is realized by controlling membrane formation conditions like the after-mentioned. 
Moreover, above-mentioned AB 206 Composition of O which can be set is not limited to 6. The 
tungsten-bronze structure stabilized in an oxygen defect or hyperoxia depending on tungsten-bronze 
material may be constructed, and it is AB2 OX. It sets and, as for the value of x, it is desirable that it is 
5.6-6.3. Moreover, it can ask for the composition ratio of A/B from an X-ray fluorescence analysis. 
[0028] As tungsten-bronze die materials in this invention, you may be any of the tungsten-bronze die 
materials of Landoit-Borenstein Vol.16 publication of the collection of ferroelectric material, concrete — 
Nb (Ba, Sr) 206, PbNb 206, NbO (Pb, Ba)6, PbTa 206, BaTa 206, PbNb 401 1, and PbNb 206 SrNb 
206 and BaNb 206 etc. — they are those solid solutions 

[0029] An aforementioned simple perovskite type or aforementioned tungsten-bronze die materials has a 
barium titanate, a strontium titanate, and desirable PZT, SBN (Ba, Sr) (Nb 206) and PBN (Pb, Ba) (Nb 
206) among the above. As for the aforementioned orientation thin film, it is desirable that it is an 
epitaxial film. 

[0030] In this invention, the c-th page single orientation film which consists of compound perovskite 
type compounds {a stratified perovskite compound (the compound of K2NiF4 type structure is 
included) is included} can also be obtained. 

[0031] Generally Bi system stratified compound is a formula among stratified perovskite compounds. It 
is expressed with Bi2 Am-1 Bm 03m+3. In the above-mentioned formula, m is the integer of 1-5, A is 
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either Bi, calcium, Sr, Ba, Pb, Na, K and rare earth elements (Sc and Y are included), and B is either Ti, 

Ta and Nb. concrete Bi4 Ti 3012, Bi2 SrTa 209, and Bi2 SrNb 209 etc. - it is mentioned In this 

invention, any of these compounds may be used and these solid solutions may be used. 

[0032] The substrate to be used may be a single crystal and may be semiconductors, such as a gallium 

arsenide and silicon. Among these, Si single crystal substrate is desirable. And it is desirable to use the 

field (100) of Si single crystal etc. so that it may become a substrate front face. 

[0033] As for the crystallographic-axis orientation relationship of the aforementioned orientation thin 

film and Si, it is desirable that they are a perovskite, or tungsten-bronze [100]//Si [010]. In addition, Si is 

a cubic. 

[0034] The laminating thin film by the 2nd aspect of this invention is formed by the perovskite type or 
tungsten-bronze die materials on Si single crystal substrate formed with Si single crystal which has Si 
(100) side on a front face preferably, is an epitaxial film and is equipped with the orientation thin film 
whose crystallographic-axis orientation relationship is a perovskite, or tungsten-bronze [100]//Si [010]. 
In this case, the above-mentioned orientation thin film is formed through direct or other thin films on Si 
single crystal substrate. 

[0035] As for a described [ above ] perovskite type or tungsten-bronze die materials, it is desirable that 
they are a barium titanate, a strontium titanate, and PZT, SBN or PBN. It is desirable that the oxide thin 
film containing at least one layer of epitaxial thin films which make a principal component the 
zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included) is interposed between the aforementioned Si single crystal substrate and an orientation thin 

film. ^ 
[0036] The laminating thin film by the 3rd aspect of this invention is equipped with the orientation thin 
film which is an epitaxial film formed by tungsten-bronze die materials on the semiconductor single 
crystal substrate. In this case, the above-mentioned orientation thin film is formed through direct or 
other thin films on a semiconductor single crystal substrate. 

[0037] As for the material of the aforementioned orientation thin film, it is desirable that they are SBN 
or PBN. It is desirable that the oxide thin film containing at least one layer of epitaxial thin films which 
make a principal component the zirconium oxide stabilized with the zirconium oxide or the rare-earth- 
metal element (Sc and Y are included) is interposed between the aforementioned semiconductor single 
crystal substrate and an orientation thin film. And as for a semiconductor single crystal substrate, it is 
desirable that it is Si single crystal substrate which has Si (100) side on a front face. 
[0038] The laminating thin film by the 4th aspect of this invention makes a principal component the 
zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal element (Sc and Y are 
included), and is equipped with the oxide thin film which has the orientation thin film which are the 1st 
epitaxial film formed on the semiconductor single crystal substrate, and the 2nd epitaxial film formed by 
perovskite die materials, without preparing a mediation layer on this 1st epitaxial film. 
[0039] As for the perovskite die materials of the 2nd epitaxial film, it is desirable that it is what makes a 
principal component a barium titanate, strontium titanates, or these solid solutions, and it is desirable 
that it is what makes a barium titanate a principal component especially. A semiconductor single crystal 
substrate is Si single crystal substrate, and it is desirable that the crystallographic-axis orientation 
relationships of this Si single crystal substrate and an orientation thin film are perovskite [100]// Si 
[010]. such 2nd epitaxial film - a front face - 80% or more, 95% [ lnm or less ] or more 2nm or less of 
preferably, the ten-point average of roughness height Rz with a criteria length of 500nm is desirable, and 
it is 0.5nm or less still more preferably more preferably 90% or more In this invention, such a flat front 
face is easily realizable. In addition, in this specification, when ten or more arbitrary places distributed 
over the average over the whole thin film as Rz is 2nm or less in 80% or more of a front face are 
measured, it means that Rz is 2nm or less in 80% or more of the part. Rz can be measured with an 
atomic force microscope (AFM). 

[0040] Although the orientation thin film which consists of perovskites other than the 2nd epitaxial film 
component etc. is formed on the laminating thin film of the 4th aspect as described above, since the 2nd 
epitaxial film is excellent in crystallinity and surface flat nature, a good orientation thin film is obtained. 
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[0041] The laminating thin film by the 5th aspect of this invention is an epitaxial film which is formed 
by at least one sort in the metal chosen from Pt, Ir, Os, Re, Pd, Rh, and Ru on Si single crystal substrate 
which has Si (100) side on a front face, or is formed with a conductive oxide, and is equipped with the c- 
th page or the orientation thin film which carried out a-th page single orientation in parallel with a 
substrate. 

[0042] It is desirable that the oxide thin film containing at least one layer of epitaxial thin films which 
make a principal component the zirconium oxide stabilized with the zirconium oxide or the rare-earth- 
metal element (Sc and Y are included) is interposed between the aforementioned Si single crystal 
substrate and an orientation thin film. 

[0043] The laminating thin film by the 6th aspect of this invention is equipped with the orientation thin 
film formed by the epitaxial film which is formed by at least one sort in the metal chosen from Pt, Ir, Os, 
Re, Pd, Rh, and Ru on Si single crystal substrate formed with Si single crystal which has Si (100) side 
on a front face, or is formed with a conductive oxide and the perovskite type, or tungsten-bronze die 
materials. 

[0044] As for a described [ above ] perovskite type or tungsten-bronze die materials, it is desirable that 
they are a barium titanate, a strontium titanate, and PZT, PBN or SBN. As for the aforementioned 
orientation thin film, it is desirable that it is an epitaxial film. 

[0045] As for the crystallographic-axis orientation relationship of the aforementioned Si substrate and an 
orientation thin film, it is desirable that they are a perovskite, or tungsten-bronze [100]//Si [010]. 
[0046] Between the aforementioned Si single crystal substrate, a metal, or a conductive oxide thin film, 
you may interpose the oxide thin film containing at least one layer of epitaxial thin films which make a 
principal component the zirconium oxide stabilized with the zirconium oxide or the rare-earth-metal 
element (Sc and Y are included). 

[0047] It is desirable that the crystallographic-axis orientation relationships between the aforementioned 
Si single crystal substrate, a metal or a conductive oxide thin film, and an orientation thin film are 
perovskite, tungsten-bronze [100]// metal, or conductive oxide [100]// Si [010]. An oxide thin film takes 
orientation (001). 

[0048] As mentioned above, in the laminating thin film of the 1st - the 6th aspect, it is desirable that 
they are the following contents. 

[0049] In each the l-3rd and 5 -6th aspects, you may be two-layer [ which contains at least the 1st 
epitaxial film to which the aforementioned oxide thin film makes a principal component the zirconium 
oxide stabilized by the zirconium oxide or the rare-earth-metal element (Sc and Y are included), and the 
2nd epitaxial film by the perovskite die materials formed on it like the 4th aspect ], or the oxide thin film 
of multilayer structure. In addition, as for the perovskite die materials of the 2nd epitaxial film, it is 
desirable to form a barium titanate, strontium titanates, or these solid solutions as a principal component. 
In this case, the orientation thin film formed on the 2nd [ of an oxide thin film ] epitaxial film consists of 
other than the 2nd epitaxial film component. Moreover, as for the above-mentioned perovskite die 
materials and the orientation relationship of Si substrate, it is desirable that they are perovskite [100]// Si 
[010]. The film / Si structure which makes a principal component the zirconium oxide stabilized with 
this perovskite / zirconium oxide, or rare earth are effective for raising the crystallinity of electrode 
layers, such as ferroelectrics, such as the orientation thin film further formed on this structure, for 
example, PZT and SBN, and Bi stratified compound, and Pt, and obtaining c-th page single orientation 
or an epitaxial film. Moreover, it functions as an insulator of the so-called MFIS structure of a metal- 
ferroelectric-insulator-semiconductor, and the MFMIS structure of a metal-ferroelectric-metal-insulator- 
semiconductor. 

[0050] As for composition of the zirconium oxide stabilized with the zirconium oxide or rare-earth- 
metal element (Sc and Y are included) of the aforementioned oxide thin film, it is desirable that it is Zrl- 
x Rx 02-delta (it is here, and R is a rare-earth-metal element (Sc and Y are included), and is x= 0 to 0.75 
and delta=0-0.5). 

[0051] As for the half-value width of the rocking curve of reflection (002) of the aforementioned oxide 
thin film, it is desirable that it is 1 .5 degrees or less. Here, now, generally, about 0.7 degrees especially 
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of lower limits are about 0.4 degrees. 

[0052] the front face of the aforementioned oxide thin film 80% or more, 95% [ 0.8nm or less ] or 
more 2nm or less of preferably, the ten-point average of roughness height Rz with a criteria length of 
500nm is desirable, and it is 0.5nm or less still more preferably more preferably 90% or more 
[0053] The basic structure of the laminating thin film of this invention is equipped with the oxide thin 
film formed when required on a semiconductor single crystal substrate, and the orientation thin film 
formed on this oxide thin film. Here, at least one layer in an oxide thin film is composition Zrl-xRx02- 
delta (it is here). R It is a rare-earth-metal element (Sc and Y are included), and is the epitaxial film of 
X= 0 to 0.75, and delta=0-0.5. On this oxide thin film, the laminating of the orientation thin film whose 
crystal structures are nothing and composition BaTi03 grade about a perovskite structure is carried out 
one by one. These field orientation relationships are BaTiO3(001)// Zrl-xRx02. - delta(OOl)// Si (100), 
and a crystallographic-axis orientation relationship are BaTiO3[100]// Zrl-xRx02. - It is desirable to 
consist of structures which are delta[100]// Si [010]. 

[0054] By the analogy from the conventional examples, such as YBCO, (001) If it is going to obtain the 
BaTi03 epitaxial film of orientation The field orientation relationship is BaTiO3(001)// Zrl-xRx02. - 
delta(OOl)// Si (100), And BaTi03[l 10]// Zrl-xRx02 - It is set to delta[100]// Si [010], and it is 
presumed that 45 degrees rotates within the c-th page to the grid of Zrl-xRx02-delta, and the unit lattice 
of BaTi03 can take adjustment of a grid, and grows epitaxially. However, according to the experiment 
of artificers, composition is difficult and such a field relation is BaTiO3(001)// Zrl-xRx02. - delta 
(001)// Si (100), and BaTiO3[100]//Zrl-xRxO2 - It found out that it could constitute from relation 
between delta[ 1 00]// Si [0 1 0] . 

[0055] That is, the lattice constant of the a-axis of a Zrl-xRx02-delta film is BaTi03[l 10]// Zrl-xRx02 
which rotates and carries out grid adjustment in the above-mentioned 45-degree side although the a-axis 
of BaTi03 is 0.40 in 0.52. - In the relation between delta[100]// Si [010], misfit becomes 8.4%. 
However, grid adjustment relation BaTiO3[100]// Zrl-xRx02 by this invention - Although the a-th page 
of BaTi03 crystal and the a-th page of a Zrl-xRx02-delta crystal do not rotate but it has consistency as 
it is in delta[100]// Si [010] Under the present circumstances, Zrl-xRx02-delta3 grid (0.52 x3=1.56nm) 
It receives and is BaTi034 grid (0.4 x4=l .60nm). It has consistency. At this time, misfit is well matched 
with 2.6%. Therefore, at this invention, they are BaTiO3[100]// Zrl-xRx02. - The relation between 
delta[100]// Si [010] is used (001), Epitaxial BaTi03 film of orientation can be obtained. 
[0056] As for an oxide thin film, it is desirable to have single crystal orientation. Since a grain boundary 
exists in the thin film which has two or more crystal faces, this is because epitaxial growth of the 
orientation thin film on it becomes impossible. 

[0057] It is desirable to be good and for front- face nature to be flatter also in molecule level, as the 
crystallinity of an oxide thin film is high, in order that an oxide thin film may form on it BaTi03 film 
which is an orientation thin film. The YSZ film obtained conventionally, for example, 
Appl.Phys.Lett.57, (1 1) 1 161-1 163 (1990), Japanese Journal of Applied Physics, vol.27, No.4, and 
L1404 (1988) In what was indicated, the outstanding flat nature is not suitable for not realizing but 
forming a quality orientation thin film on it. In this invention, since the oxide thin film which is 
excellent in crystallinity and front- face nature is obtained by the method of mentioning later, a quality 
orientation thin film can be formed on it. 

[0058] The crystallinity of an oxide thin film can be evaluated by the half- value width of the rocking 
curve of the reflective peak in XRD (X diffraction), and the pattern of the image by RHEED. Moreover, 
the streak nature of a RHEED image and surface roughness (ten-point average of roughness height Rz) 
can estimate front-face nature. 

[0059] The above-mentioned oxide thin film of this invention (002) The half-value width of the rocking 
curve of reflection of a field and surface flat nature are as having mentioned above. Moreover, RHEED 
of the above-mentioned oxide thin film Streak nature of an image is high. Namely, RHEED An image is 
a streak and, moreover, sharp. 

[0060] By the above, crystallinity and its front-face nature of both the oxide thin films of this invention 
are good, in addition, the half-value width and a criteria length of 500nm of the above-mentioned 
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rocking curve although there is especially no lower limit of the ten-point average of roughness height 
Rz, so that it is small - this - better - it is ** Now, the grade and the 10 average-mark granularity Rz 
to which the half-value width of a rocking curve described the lower limit above are about 0.1 ran. 
[0061] For the epitaxial film which makes a principal component the zirconium oxide stabilized with the 
zirconium oxide or rare-earth-metal element (Sc and Y are included) as an oxide thin film, composition 
is Zr02 substantially. The stabilized zirconia which added a thing and rare earth (Sc and Y are included) 
is desirable. The addition rare earth elements used for a stabilized zirconia have Y, Pr, Ce, Nd, Gd, Tb, 
Dy, Ho, and desirable Er. 

[0062] The kind is chosen in order for a rare-earth-metal element (Sc and Y are included) to make the 
lattice constant of Si substrate, the lattice constant of an orientation thin film, and the lattice constant of 
this oxide thin film match preferably. For example, the lattice constant of Z0.7 R0.3 02-delta using Y as 
a rare-earth-metal element (Sc and Y are included) was 0.52nm. This value can be changed with the 
value of x. For example, as mentioned above, it can match with Zrl-x Rx 02-delta crystal 3 grid to 
BaTi03 crystal 4 grid, and the value of further x can adjust. 

[0063] However, within the limits of x, a limitation has the field of matching which can be adjusted. 
Then, by changing the kind of rare earth, matching can be made possible. For example, Pr of rare earth 
is used instead of Y. It is possible to enlarge the lattice constant of Zrl-x Rx 02-delta at this time, and 
matching with BaTi03 crystal can be optimized. Thus, the grid of an oxide thin film and an orientation 
thin film can be made to match preferably by choosing the kind and amount of rare earth in an oxide thin 
film. 

[0064] Zr02 It applies to a room temperature from an elevated temperature, and cubic -> tetragonal -> 
monoclinic system and phase transition are produced. It is the stabilized zirconia which added rare earth 
elements in order to stabilize a cubic. It depends for the crystallinity of a Zrl-x Rx 02-delta film on the 
range of x. JpnJ.Appl.Phys.27 x becomes a tetragonal phase or a monoclinic system crystal in the 
composition region which is less than 0.2 as reported to (8) L1404-L1405 (1988). Until now, the 
epitaxial film of single orientation is obtained for x only in 0.2 or more cubic fields. However, although 
x is a cubic in the field exceeding 0.75, single orientation is not acquired but the crystal of orientation 
(111) mixes it, for example (001). On the other hand, in the field used as a tetragonal phase or 
monoclinic system, it is J.Appl.Phys.58. (6) Orientation sides other than what it is going to obtain mix, 
and the epitaxial film of single orientation is not obtained as stated also to 2407-2409 (1985). 
[0065] In the field in which x exceeds 0.75, although our experiment was also a cubic, fields other than 
the crystal face made into the purpose mixed it. For example, when it was going to obtain the epitaxial 
film (001) of Zrl-x Rx 02-delta, in this range, the crystal of (1 1 1) mixed and x became as large 
[ membranous surface irregularity ] as about 5nm. Front- face nature tends to get worse with increase of 
x. And it is BaTi03 on this. When the film was formed, single (001) orientation was not able to be 
acquired. In addition, on these specifications, it may be displayed as orientation not only by c plane 
orientation but by the case of cubic a plane orientation (001). 

[0066] the upper limit [ in / Zrl-x Rx 02-delta / based on such an experiment ] of x - desirable — 0.75 — 
it is more preferably referred to as 0.50 And in order to obtain a flatter front face, x is 0.10 or less more 
preferably 0.25 or less. 

[0067] In addition, the zirconium oxide which does not include an oxygen defect is a chemical formula 
Zr02. Although it could express, since the amount of oxygen changed with the kinds, amounts, and 
valences of the added metallic element, the zirconium oxide which added rare earth expressed 
composition of the oxide thin film of this invention as chemical formula Zrl-xRx 02-delta using delta, 
delta is usually zero to about 0.5. 

[0068] moreover, the ratio of Zr in the composition element excluding [ the oxide thin film containing 
Zr ] oxygen - desirable -- more than 93mol% more - desirable - 93mol% ** - further - desirable 
more than 95mol% - especially - desirable - more than 98mol% - it is more than 99.5mol% most 
preferably As purity is high, it is more desirable as an interlayer for whom insulation resistance also 
becomes high and a leakage current also needs an insulating property from a bird clapper small. 
Moreover, Zr02 Zr02 since a hysteresis is small in the C-V property and the interface property is 
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excellent as an MIS element, when metal-insulator-semiconductor structure (MIS structure) is 
constituted compared with YSZ It is desirable as an interlay er. Now, the upper limit of the content of 
Above Zr is 99.99%. Zr of the oxide thin film containing Zr and elements other than O are impurities, 
such as rare earth metal and P, etc. As for an oxide interlayer, what is excellent in crystallinity and 
surface flat nature is desirable. 

[0069] Moreover, x which especially the above-mentioned oxide thin film mentioned above 0.2 When it 
is the epitaxial film of the high grade Zr02 which it is more than % [ 93mol] it seems that the ratio of Zr 
in the composition element except the small field of the following, especially oxygen mentioned above, 
it is desirable that it is a single orientation epitaxial film. Although x said that the epitaxial film is 
conventionally obtained in 0.2-0.75 in Zrl-x Rx 02-delta, by the high grade Zr02 which was mentioned 
above, the thin film which has the crystallinity further described above by single orientation and front- 
face nature was not obtained until now. 

[0070] However, as a result of this invention persons' repeating examination, by forming by the method 
of mentioning later, using the high grade Zr02 mentioned above, it is single orientation and the thin film 
which has the crystallinity further described above and front- face nature was obtained, this composition 
— setting — the difference of a coefficient of thermal expansion with Si substrate — a basis — the 
reduction effect of residual stress of seeming **** was checked Since this effect is remarkable, this 
thinks that residual stress with Si is reduced by the phase transition of Zr02, as the purity of Zr02 goes 
up. Moreover, YSZ Compared with a film, the zirconium-oxide thin film of a high grade has 
membranous high resistance, and it is excellent also as an insulator layer. 

[0071] The more the purity of a zirconium-oxide thin film is high, it excels in insulation and, the more 
residual stress also decreases. 

[0072] Moreover, with the present high grade-ized technology, it is Zr02. Hf02 Since it is difficult, 
separation is Zr02. Purity has usually pointed out the purity in Zr+Hf. Therefore, Zr02 in this 
specification Purity is Hf02 although it is the value computed by having considered that Hf and Zr were 
these elements. It sets to this invention and is Zr02. Completely, in order to function similarly, it is 
satisfactory. Although the zirconium-oxide thin films of a high grade may be any of cubic (100) 
orientation, tetragonal (001) orientation, and monoclinic system (001) orientation, it is desirable that it is 
especially monoclinic system (001) orientation. 

[0073] If the composition Zrl-x Rx 02-delta epitaxial film explained above is used as an oxide thin film 
of the laminating thin film of this invention, the disturbance of the physical quantity by the grain 
boundary etc. will be lost, and the crystallinity of orientation thin films, such as BaTi03 film which is an 
orientation thin film formed on it, will improve. On the bad oxide thin film of front-face nature and 
crystallinity, it is BaTi03 (001). It is difficult to obtain the single orientation epitaxial film which is an 
orientation thin film. As [ stated / already ] (1 10) That an orientation side is intermingled (HO)**** 
Orientation grows preferentially. Growth conditions of the orientation thin film which prepares and 
mentions the outstanding oxide thin film of front- face nature and crystallinity later (001), The epitaxial 
perovskite thin film of orientation is obtained. If an epitaxial perovskite thin film good on an epitaxial 
oxide thin film is obtained, other still better perovskite crystal films on this, a tungsten-bronze crystal 
film, and a metallic-crystal film will be obtained. In this case, the whole two-layer structure of the 1st 
epitaxial film of composition Zrl-x Rx 02-delta, and the perovskite and the 2nd epitaxial film which 
consists of BaTi03, SrTi03, or these solid solutions preferably is an oxide thin film (ground layer), and 
it will be said that other quality orientation films, i.e., the good perovskite film of a stacking tendency, a 
tungsten-bronze film, and a metal membrane are obtained on it. 

[0074] When using the layered product of both thin films as a ground layer, about 2-50nm and an 
orientation thin film (the 2nd epitaxial film) have [ the oxide thin film (the 1 st epitaxial film) containing 
Zr ] about l-50nm and about a total of three -lOOnm desirable although the thickness of an oxide thin 
film and an orientation thin film changes with uses. When using only the oxide thin film containing Zr 
as a ground layer, the oxide thin film containing Zr is lOnm or more more preferably, and is lOOnm or 
less 200nm or less 2nm or more preferably. And when using a perovskite or the orientation thin film of a 
tungsten bronze as a ferroelectric layer, it considers as the thickness of about 20-1000nm. 
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[0075] When using the above-mentioned two-layer structure as a ground layer, both the oxide thin films 
and perovskite orientation thin films that contain Zr in the grade which does not spoil the crystallinity of 
an oxide thin film and front-face nature have a thin good thing. Especially when using as an insulating 
layer of MFIS or MFMIS structure, since the thin film which makes a principal component Zr02 which 
is an oxide thin film is excellent in insulation, it is desirable to set an oxide thin film to about 2-500nm. 
Moreover, when using as an oxide layer of a semiconductor device like the dielectric layer of an MIS 
capacitor, or the gate oxide layer of MISFET, it is desirable to make thin especially 0.5-20nm of oxide 
thin films with l-10nm, and to set an orientation thin film to 5-300nm. This is for making high capacity 
as a capacitor of a laminating thin film. 

[0076] In addition, it is good on a zirconium-oxide system thin film which was described above also as 
an oxide thin film of composition of having carried out the laminating of the rare earth oxide system thin 
film explained below. In this case, an orientation thin film is formed on a rare earth oxide system thin 
film. Moreover, in the ground layer of composition of having carried out the laminating of the 1st and 
the 2nd epitaxial film, the layered product of a zirconium-oxide system thin film and a rare earth oxide 
system thin film is considered to be the 1st epitaxial film. Moreover, the range with the desirable 
thickness of this layered product is the same as the thickness range of the zirconium-oxide system thin 
film when not preparing a rare earth oxide system thin film. As for each of both thin films, it is desirable 
in this layered product that it is the thickness which is not less than 0.5nm. 

[0077] As for this rare earth oxide system thin film, it is desirable to consist of substantially rare earth 
oxides of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu which contain at least one sort 
of Ce, Pr, Nd, Gd, Tb, Dy, Ho, and Er especially at least one sort. In addition, the ratio is arbitrary when 
using two or more sorts of rare earth elements. 

[0078] The rare earth oxide system thin film of orientation (001) is obtained by forming on the 
zirconium-oxide system thin film of orientation (001), although it is not based on the plane orientation 
of a substrate but orientation (1 1 1) is shown, in forming such a rare earth oxide system thin film directly 
on a substrate. When the stabilized zirconia described above as an oxide thin film is used, a hysteresis is 
seen by the C-V property and it sets at this point, and it is Zr02. It is inferior to a high grade film. In this 
case, the hysteresis of a C-V property can be abolished by carrying out the laminating of the rare earth 
oxide system thin film on a zirconium-oxide system thin film. Moreover, matching of the grid 
adjustment between ferroelectric layers becomes better by carrying out the laminating of the rare earth 
oxide system thin film. When the laminating of the rare earth oxide system thin film is carried out, an 
element distribution may be a uniform film and a zirconium-oxide system thin film may be an 
inclination structure film from which composition changes in the direction of thickness. When 
considering as an inclination structure film, while applying to a rare earth oxide system thin film side 
from a substrate side and increasing gradually or gradually the rare-earth-elements content in a 
zirconium-oxide system thin film, Zr content is decreased gradually or gradually. By considering as 
such an inclination structure film, it becomes easy for the misfit of the grid between a zirconium-oxide 
system thin film and a rare earth oxide system thin film to become small, or to stop existing, and to 
make a rare earth oxide system thin film into the epitaxial film of high crystallinity. As for the rare earth 
elements added to a rare earth oxide system thin film, in the case of such a laminated structure, it is 
desirable to use the same thing as the rare earth elements added to a zirconium-oxide system thin film. 
[0079] You may introduce an additive into a zirconium-oxide system thin film and a rare earth oxide 
system thin film for a property improvement. For example, if alkaline-earth elements, such as calcium 
and Mg, are doped in these layers, a membranous pinhole can decrease and leak can be suppressed. 
Moreover, aluminum and Si are effective in raising membranous resistivity. Furthermore, transition- 
metals elements, such as Mn, Fe, Co, and nickel, can form the level (trap level) by the impurity into a 
film, and conductive control is attained by using this level. 

[0080] In addition, in the laminating thin film of this invention, the substrate front face of Si single 
crystal substrate, i.e., an insulating layer membrane formation front face, oxidizes shallowly (for 
example, 5nm below a grade), and layers, such as Si02, may be formed. This is because the oxygen in 
the oxide thin film made into a principal component may diffuse Zr02 on the substrate front face of Si 
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single crystal substrate. Moreover, depending on the method of membrane formation, Si oxide layer may 
remain on Si substrate front face at the time of oxide thin film formation. 

[0081] The orientation thin film formed on it by using as a ground layer the oxide thin film which 
consists of the above 1st and the 2nd epitaxial film Perovskites other than the perovskite which 
constitutes the 2nd epitaxial film, For example, simple perovskites, such as PbTi03, PZT, PLZT, and 
other Pb system perovskites; The compound perovskite containing a stratified perovskite (K2 NiF4 type 
is included), for example,; (Sr, Ba), such as Bi system perovskite, — Nb 206 and Nb (Pb, Ba) 206 etc. — 
it is a tungsten-bronze type oxide etc., for example, the ferroelectric (F) of MFIS structure is constituted 
in addition, as an orientation thin film formed on the ground layer of the above-mentioned two-layer 
structure Specifically high-temperature superconductivity films, such as Bi system oxide 
superconductivity film and a YBa2 Cu3 07-8 superconductivity (YBCO) film, and a further Lal-x Srx 
Co03 and Lal-x Srx CaxRu03 etc. — semiconductors, such as an oxide electric conduction film, In 
203, In 203 (Sn dope), other oxide electric conduction films, Pt, Si and germanium, and GaAs, and the 
film of metal are mentioned In addition, about a conductive oxide film, it mentions later further. 
[0082] The oxide thin film of the one layer or multilayer structure of this invention is suitable for the 
insulator of the MFIS structure of a metal-ferroelectric-insulator-semiconductor, or the MFMIS structure 
of a metal-ferroelectric-metal-insulator-semiconductor as aforementioned. MFIS structure — a 
semiconductor — preferably, one layer or the oxide thin film of multilayer structure may be prepared on 
Si (100) side, and the dielectric thin film or other ferroelectric thin films of this invention may be 
prepared on this 

[0083] On the other hand, with MFMIS structure, the oxide thin film of two-layer structure is prepared 
as an insulating layer (I) preferably [ it is desirable and ] on Si (100) side, a conductive epitaxial film is 
formed as a metal-electrode film on this, and this invention or other ferroelectric thin films are prepared 
further. 

[0084] A metal-electrode thin film is used as a conductive thin film required since MFMIS structure 
required for the electrode for ferroelectric thin films and memory application of a ferroelectric thin film 
is constituted. That is, it is formed by at least one kind in the metal chosen from Pt, Ir, Os, Re, Pd, Rh, 
and Ru on Si single crystal substrate which has Si (100) side on a front face, a tetragonal phase (001) or 
the epitaxial film which carried out cubic (100) single orientation is formed in a substrate front face and 
parallel, and this is used as a metal-electrode thin film. 

[0085] Although its metal is desirable, even if an electrode thin film is not a metal, it should just be a 
conductive epitaxial film. While a conductive epitaxial film functions as an electrode of the ferroelectric 
layer bottom, a crystalline high ferroelectric layer also with sufficient grid adjustment with this 
interlayer is obtained. 

[0086] A metal-electrode thin film has desirable metal simple substance or alloy containing at least one 
sort of Pt, Ir, Os, Re, Pd, Rh, and Ru. As for the conductive oxide film as a conductive epitaxial film, it 
is desirable that the following conductive oxides are included. 

[0087] NaCl type oxide: TiO, VO, NbO, RO 1-x (here, R: one or more kinds of rare earth (Sc and Y are 
included) and 0 <= x < 1), LiV02 grade. 

[0088] Spinel type oxide: LiTi 204, LiMxT i2-x04 (here, it is M=Li, Cr [ aluminum and Cr ], and 0 < 
x<2), Lil-xMxTi 204 (being here M=Mg, Mn, 0 < x < 1), LiV 204, Fe 304, etc. 
[0089] The perovskite type oxide Re03, W03, MxRe03 (here): M metal, 0 < x<0.5, MxW03 (here, it 
is M= metal and 0 < x<0.5), A2P8W3201 12 (here) A=K, Rb, Tl, NaxTayWl-y03 (here) 0<=x<l, 0< 
y<l, RNb03 (here, R: one or more kinds of rare earth (Sc and Y are included)), Nal-xSrxNb03 (here) 
0<=x<=l, RTi03 (here, R: one or more kinds of rare earth (Sc and Y are included)), Can+lTin03n+l-y 
(here) n= - 2, 3, y > 0, CaV03, SrV03, and Rl-xSrxV03 (here) R: One or more kinds of rare earth 
(Sc and Y are included), 0<=x<=4, Rl-xBaxV03 (here) R: One or more kinds of rare earth (Sc and Y 
are included), 0<=x<=l, Srn+1 V n03n+l-y (here) n= - 1, 2, and 3...., y > 0, and Ban+lVn03n+l-y 
(here) n= — 1, 2, and 3...., y > 0, and R4BaCu5013-y (here) R: One or more kinds of rare earth (Sc and 
Y are included), 0 <=y, RSSrCu 6015 (here) R: One or more kinds of rare earth (Sc and Y are included), 
and R2SrCu 206.2 (here) R: One or more kinds of rare earth (Sc and Y are included), Rl-xSrxV03 



http ://www4. ipdl .jpo . go jp/cgi-bin/tran_web_cgi_ejj e 8/2 1 /2003 



Page 15 of 25 



(here) R: One or more kinds of rare earth (Sc and Y are included), CaCr03, SrCr03, RMn03 (here) R: 
One or more kinds of rare earth (Sc and Y are included), and Rl-xSrxMn03 (here) R: One or more 
kinds of rare earth (Sc and Y are included), 0<=x<=l, Rl-xBaxMn03 (here) R: Rare earth [ one or more 
kinds of] (Sc and Y are included), 0<=x<=l, and calcium l-xRxMn03-y (here) R: One or more kinds of 
rare earth (Sc and Y are included), 0<=x<=l, 0 <=y, CaFe03 and SrFe03, BaFe03, SrCo03, BaCo03, 
RCo03 (here) R: One or more kinds of rare earth (Sc and Y are included), and Rl-xSrxCo03 (here) R: 
One or more kinds of rare earth (Sc and Y are included), 0<=x<=l, Rl-xBaxCo03 (here) R: One or 
more kinds of rare earth (Sc and Y are included), 0<=x<=l, RNi03 (here) R: One or more kinds of rare 
earth (Sc and Y are included), and RCu03 (here) R: One or more kinds of rare earth (Sc and Y are 
included), and RNb03 (here) R: One or more kinds of rare earth (Sc and Y are included), Nb 12029, 
CaRu03, calcium l-xRxRul-y</SUB>Mny03 (here) R: One or more kinds of rare earth (Sc and Y are 
included), 0<=x<=l, 0<=y<=l, SrRu03, calcium l-xMgxRu03 (here) 0<=x<=l, calcium l-xSrxRu03 
(here, it is 0 < x<l), BaRu03, calciuml-xBaxRu03 (here) 0 < x<l, RuO (Ba, Sr)3, Bal-xKxRu03 
(here) 0< x<=l, RuO (R, Na)3 (here, R: one or more kinds of rare earth (Sc and Y are included)), RhO 
(R, M)3 (here) R: One or more kinds of rare earth (Sc and Y are included), M=calcium, Sr, Ba, Srlr03, 
BaPb03, PbO(Ba, Sr)3-y (here) 0<=y<l, BaPbl-xBix03 (here, it is 0 < x<=l), Bal-xKxBi03 (here) 0 
< x<=l, Sr(Pb, Sb) 03-y (here, it is 0<=y<l), Sr(Pb, Bi) 03-y (here) 0<=y<l, Ba(Pb, Sb) 03-y (here, it 
is 0<=y<l), Ba(Pb, Bi) 03-y (here) 0<=y<l, MMo03 (here, they are M=calcium, Sr, and Ba), and TiO 
(Ba, calcium, Sr) 3-x (here, it is 0<=x) etc. . 

[0090] Stratified perovskite type oxide (K2NiF4 type is included): Rn+lNin03n+l (here) It is one or 
more kinds, the integer of n=l-5, and Rn+lCun03n+l (here) among R:Ba and Sr. Rare earth (Sc and Y 
are included) R:Ba and Sr Rare earth (Sc and Y are included) inside — one or more kinds and n= ~ the 
integer of 1-5, Sr2Ru04, Sr2Rh04, Ba2Ru04, and Ba2Rh04 etc. . 

[0091] Pyrochlore type oxide: R2V207-y (here, R: one or more kinds of rare earth (Sc and Y are 
included) and 0 <= y < 1), T12Mn207-y (here) 0<=y<l, R2Mo207-y (here, R: one or more kinds of rare 
earth (Sc and Y are included) and 0 <= y < 1), R2Ru207-y (here) They are one or more kinds, 0<=y<l, 
and Bi2-xPbxPt2-x Rux07-y (here) among R:T1, Pb, and Bi. Rare earth (Sc and Y are included) 
0<=x<=2, 0<=y<l, Pb2(Ru, Pb) 07-y (here) 0<=y<l, R2Rh207-y (here, it is one or more kinds and 0 
<=y <1 among R:T1, Pb, Bi, Cd, and rare earth (Sc and Y are included)), R 2Pd207-y (here) They are 
one or more kinds, 0<=y<l, and R2Re207-y (here) among R:T1, Pb, Bi, and Cd. Rare earth (Sc and Y 
are included) R:T1, Pb, Bi, Cd, 0<=y<l, R20s207-y Rare earth (Sc and Y are included) (here) They are 
one or more kinds inside. R:T1, Pb, Bi, Cd, 0<=y<l, R2Ir207-y Rare earth (Sc and Y are included) 
(here) They are one or more kinds inside. R:T1, Pb, Bi, and Cd Rare earth (Sc and Y are included) They 
are one or more kinds inside. 0<=y<l, R2Pt207-y (here, it is one or more kinds and 0<=y<l among 
R:T1, Pb, Bi, Cd, and rare earth (Sc and Y are included)), etc. 

[0092] Other oxides: R4Re 6019 (here, R: one or more kinds of rare earth (Sc and Y are included)), 
R4Ru 6019 (here) R : One or more kinds of rare earth (Sc and Y are included), Bi3Ru 301 1, V203, and 
Ti 203, Rh 203, V02, Cr02, Nb02, Mo02, W02, Re02, Ru02, Rh02, Os02, Ir02, Pt02, Pd02, 
V305, Vn02n-1 (integer of n= 4 to 9), SnO 2-x (here) 0<=x<l, La2Mo 207, O (M, Mo) (here, they are 
M=Na, K, Rb, and Tl), Mon03n-l (n= 4, 8, 9, 10), Mo. 17047, Pdl-xLixO (being here x<=0.1), etc. The 
oxide containing In. 

[0093] The oxide or the conductive perovskite oxide which contains In especially among these is 
desirable. Especially In 203, In 203 (Sn dope), and RCo03, RMn03, RNi03, R2 Cu04, CoO (R, Sr)3, 
RuO (R, Sr, calcium)3, RuO (R, Sr)3, SrRu03, MnO(s) (R, Sr)3 (rare earth with which R contains Y 
and Sc), and those related compounds are desirable. As for a conductive metal or a conductive metallic 
oxide, it is desirable that the specific resistance in bulk is 10-5 - 10-2ohmcm. Moreover, as for the 
specific resistance as a thin film, it is desirable that they are 10-5 - 10-2ohmcm. Moreover, a 
superconducting material is sufficient. 

[0094] These conductive epitaxial thin films make the lattice constant of the ferroelectric layer formed 
on a conductive epitaxial thin film, and their lattice constant match preferably, and play the role which 
forms a crystalline high ferroelectric layer while they function as an electrode. For this reason, as for a 
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metal-electrode thin film or a conductive oxide film, what is excellent in crystallinity and surface flat 
nature is desirable. A metal-electrode thin film or a conductive oxide film has a cubic (100), a tetragonal 
phase (001), a prismatic crystal (001), or the desirable crystal of monoclinic system (001) orientation, 
and it is desirable such single orientation and especially its thing [ an epitaxial film ] further. 
[0095] Although the thickness of a conductive epitaxial film changes with uses, about 50-1 50nm is 
preferably desirable 5-500nm as aforementioned. A thin thing is good for the grade which does not spoil 
the crystallinity of a conductive epitaxial film, and front-face nature. Moreover, when operating 
especially a conductive epitaxial film as an electrode, an about 50-500nm thing is desirable. 
[0096] Although neither of the cases needs to use the 1st and 2nd epitaxial films as a ground layer and 
the material which can grow epitaxially is also on the ground layer of only the 1st epitaxial film, since a 
ground is a perovskite structure when the oxide thin film of a laminated structure is used as a ground 
layer, a still more nearly quality orientation film is obtained on it. 

[0097] The substrate for electron devices of this invention is the large area substrate which has the 
uniform above-mentioned laminating thin film, 10cm2 [ for example, ]. It can have the above substrate 
area. Thereby, not only a substrate but the electron device manufactured using this substrate will become 
very cheap compared with the former. In addition, although there is especially no upper limit of the area 
of a substrate, in the present condition, the semiconductor process which used 2 inches - 8 inches Si 
wafer, especially a 6 inch type are in use, and can respond to this. Moreover, even if it is not whole Si 
wafer surface, it is in a 2-8 inch substrate, and it is possible to choose with a mask etc. partially and to 
obtain a laminating thin film. 

[0098] Next, the formation method of the oxide thin film of this invention is explained in detail. 
[0099] In addition, in enforcing the formation method of this invention, it is desirable to use vacuum 
evaporationo equipment 1 as shown in drawing 1 . 

[0100] Vacuum evaporationo equipment 1 has vacuum tub la, and the electrode holder 3 which holds 
the single crystal substrate 2 in the lower part is arranged in this vacuum tub la. It connects with the 
motor 5 through the axis of rotation 4, and can rotate by this motor 5, and this electrode holder 3 can 
rotate now the above-mentioned single crystal substrate 2 in the substrate side. In the above-mentioned 
electrode holder 3, the heater 6 which heats the single crystal substrate 2 is built in. 
[0101] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 7 again, and, as for 
the oxidizing gas feed hopper 8 of this oxidizing gas feeder 7, the above-mentioned electrode holder 3 is 
arranged immediately caudad. As for a oxidizing gas, the partial pressure is made high by about two 
single crystal substrate by this. It is a electrode holder 3, and also, below, the Ba evaporator 9, the Ti 
evaporator 10, the Zr evaporator 11, and the rare-earth-metal element (Sc and Y are included) 
evaporator 12 are arranged. The energy feeders (an electron ray generator, resistance heating equipment, 
etc.) for supplying the energy for evaporation to the source of a metal at everything but each source of a 
metal are arranged at these Ba evaporators 9, the Ti evaporator 10, the Zr evaporator 11, and the rare- 
earth-metal element (Sc and Y are included) evaporator 12. In addition, in drawing, P is a vacuum 
pump. 

[0102] In the formation method of the laminating thin film of this invention, Si single crystal substrate is 
first set to the above-mentioned electrode holder. At this time, as a single crystal substrate, the single 
crystal substrate of Si is used and a field (100) is chosen as a substrate front face in which the target 
oxide thin film is formed. It is for considering as the single crystal which grew epitaxially the functional 
film formed on a substrate front face, and moreover making a crystal into a suitable direction. In 
addition, as for a substrate front face, it is desirable to carry out etching washing of the front face using 
the wafer of a mirror finish. Ammonium-fluoride solution etc. performs etching washing 40%. 
[0103] On this substrate, the epitaxial film which makes Zr02 a principal component by the method 
which these people already proposed as Japanese Patent Application No. No. 93024 [ seven to ] is 
formed, and it considers as an oxide thin film. 

[0104] In the formation method of the oxide thin film of this invention, the method stated to the above- 
mentioned applied patent can be used. Hereafter, first, the formation method of an oxide thin film is 
explained and the formation method of the orientation thin film formed on it at the degree is explained 
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further. 

[0105] Here, it is Zr02 as an oxide thin film. It is BaTi03 as a thin film and an orientation thin film. It 
explains taking the case of a thin film. 

[0106] First, the formation method of an oxide thin film is explained. In this method, a single crystal 
substrate is first set to the above-mentioned electrode holder. Si single crystal substrate which it 
defecated is the purpose which protects this since reactivity is very high, and Zr02. It is the purpose into 
which the good epitaxial film made into a principal component is grown up, and surface treatment of the 
substrate front face of Si single crystal substrate is carried out as follows. 

[0107] First, Si single crystal substrate which defecated the substrate front face is arranged in a vacuum 
tub, and it heats, introducing a oxidizing gas, and Si oxide layer is formed in Si single crystal substrate 
front face, as a oxidizing gas — oxygen, ozone, atom-like oxygen, and N02 etc. — it can use Since the 
substrate front face of Si single crystal substrate which it defecated is extremely rich in reactivity as 
described above, it protects Si single crystal substrate front face from a rearrangement, contamination, 
etc., using this as a protective coat. As for the thickness of the above-mentioned Si oxide layer, it is 
desirable to be referred to as about 0.2-10nm. 0. In less than 2nm, it is because protection of Si front face 
is imperfect. The reason for having set the upper limit to lOnm is mentioned later. 
[0108] The above-mentioned heating is held to the temperature of 300-700 degrees C about 0 to 10 
minutes, and is performed to it. At this time, a programming rate is carried out in about 30-70 degrees 
C/minute. If temperature is too high, or formation of Si oxide film will become inadequate if a 
programming rate is too quick, and the holding time is too long in temperature being too low conversely, 
Si oxide film will be too thick. 

[0109] When using oxygen as a oxidizing gas, as for introduction of a oxidizing gas, it is desirable to 
make the inside of a vacuum tub into the vacuum of about 1x10-7 to 1x10 to 4 Torrs at the beginning, 
and to make it the oxygen tension of the atmosphere near the Si single crystal substrate set to about 1x10 
to 4 or more Torrs at least by introduction of a oxidizing gas. Although the upper limit of the oxygen 
tension in the case of processing in a vacuum tub is about 1x10 to 1 Torr, you may form Si oxide film by 
heating and oxidizing thermally in air. 

[01 10] It heats in a vacuum after the above-mentioned process. Since Si surface crystal is protected by 
the protective coat, it reacts with the hydrocarbon which is residual gas, and does not have 
contamination of a SiC film being formed. 

[01 1 1] As for especially heating temperature, it is desirable to consider as 700-1 100 degrees C 600-1200 
degrees C. lxl structure later mentioned on Si single crystal substrate front face as it is less than 600 
degrees C is not acquired. If it exceeds 1200 degrees C, protection of Si surface crystal by the protective 
coat will not be enough, and the crystallinity of Si single crystal substrate will be confused. 
[0112] Zr, a oxidizing gas or Zr and the rare earth metal, and a oxidizing gas are supplied to a front face, 
performing such heating. Metals, such as Zr, return and remove the protective coat by Si oxide formed at 
the last process in this process. The surface structure of lxl is formed in Si surface crystal front face 
exposed simultaneously of Zr, oxygen or Zr and a rare-earth-metal element, and oxygen. The oxygen 
tension of the atmosphere near the Si single crystal substrate at this time has desirable 1x10 to 4 or more 
Torrs thing it is made to be set to about 1x10 to 1 or less Torr. 

[0113] The pattern of the image by RHEED can investigate a surface structure. For example, when this 
invention is the surface structure of lxl made into the purpose, the direction of electron ray incidence 
serves as a perfect streak pattern of the 1 time period CI as shown in (a) of drawing 2 by [110], and 
serves as the pattern completely same as for [1-10] in the direction of incidence. On the other hand, in 
the case of a field (100), Si single crystal clean surface serves as 1x2, 2x1, or 1x2 and the surface 
structure in which 2x1 is intermingled. In such a case, the pattern of a RHEED image turns into a pattern 
with the 1 time period CI as shown in (b) of drawing 2 by the direction of incidence of an electron ray 
[1 10], either of [1-10], or both, and the double-precision period C2. the surface structure of lxl of this 
invention — setting — the pattern of Above RHEED - seeing — the direction of incidence — [1 10] and 
[1-10] — it is both and the double-precision period C2 of (b) of drawing 2 is not seen 
[01 14] Moreover, Si (100) clean surface may show lxl structure. Although our experiment was also 
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observed several times, the conditions which show lxl are indefinite, and it is impossible in the present 
condition to obtain lxl with stably sufficient repeatability in respect of Si pure. 

[01 15] 1x2, 2x1, and lxl — it is easy to be polluted with an elevated temperature among a vacuum, and 
Si pure side of which structure reacts with the hydrocarbon contained especially in residual gas, and 
forms SiC in a front face, and the crystal on the front face of a substrate is confiised Therefore, the 
former was impossible for forming stably lxl structure where it was suitable when carrying out the 
crystal growth of the oxide film on Si substrate. 

[0116] The amount of supply of Zr or Zr, and the rare earth metal is the oxide conversion, and its about 
3-7nm is especially desirable 0.3-10nm. 0. if the effect of reduction of Si oxide cannot fully demonstrate 
but exceeds lOnm in less than 3nm — a front face — the irregularity of atomic level — generating — being 
easy — the array of a surface crystal is because there is what is been no longer lxl structure with 
irregularity In addition, the reason for having set the desirable value of the upper limit of the thickness 
of the above-mentioned Si oxide layer to lOnm is that possibility that it becomes impossible to fully 
return Si oxide layer will come out even if it supplies a metal as mentioned above if it exceeds lOnm. 
[01 17] When using oxygen as a oxidizing gas, it is desirable to supply about 2-50cc /a minute. The 
amount of optimal oxygen is decided by the size of a vacuum tub, and the factor of a pumping speed and 
others, and calculates the optimal flow rate beforehand. 

[0118] The reason for performing the above Si substrate surface treatment is as follows. 
[01 19] Generally the surface structure in the number atomic layer on the front face of a crystal differs 
from the atomic-arrangement structure of the imagination front face considered when the crystal 
structure of bulk (big 3-dimensional-like crystal) is cut. That is because the situation around the atom 
which appeared in the front face when the crystal of one side stopped there not being tends to change 
and it is going to be in the lower stable state of energy corresponding to this. The case where it stops at 
relief of an atomic position, and recombination of an atom mainly arise, and the structural change may 
form rearrangement structure. The former exists on almost all the crystal front face. Generally the latter 
forms a surface superstructure. This is called mxn structure, when setting the size of the unit vector of 
the surface structure of bulk to a and b and the superstructure of the size of ma and nb arises. The front 
face of Si (100) which it defecated serves as the complicated super-structure where 1x2 or 2x1 structure, 
and Si (1 1 1) front face have the big unit mesh of 7x7 or 2x8 structure. Moreover, these Si front face that 
it defecated is rich in reactivity, the residual gas especially hydrocarbon, and reaction in a vacuum are 
caused, by forming SiC in a front face, a substrate front face is polluted especially with the temperature 
(700 degrees C or more) which carries out epitaxial formation of the oxide thin film, and a surface 
crystal is confused at it. 

[0120] In order to grow an oxide epitaxially on Si substrate, the structure on the front face of Si is stable, 
and must play the role told to the oxide film into which crystal structure information is grown up. In an 
oxide epitaxial film crystal, since the atomic-arrangement structure considered when the bulk crystal 
structure is cut turns into lxl structure, lxl stable structure is required for the complicated super- 
structure where the surface structure of the substrate for growing an oxide epitaxially has the big unit 
mesh of 1x2, 2x1, 7x7, or 2x8 structure, preferably. Moreover, in order to perform epitaxial growth at 
the temperature of 700 degrees C or more, it is necessary to protect Si front face which was rich in 
reactivity. 

[0121] Next, Si single crystal substrate by which the front face was processed is used as mentioned 
above, and it is Zr02. The single orientation epitaxial film made into a principal component is formed. 
[0122] This Zr02 In the formation of a single orientation epitaxial film made into a principal 
component, Si single crystal substrate which processed the front face is heated first. The heating 
temperature at the time of membrane formation is Zr02. 400 degrees C or more are desirable because of 
crystallization, and in order crystallinity is excellent in about 750 degrees C or more and to obtain the 
surface flat nature in molecule level especially further, 850 degrees C or more are desirable. In addition, 
the upper limit of the heating temperature of a single crystal substrate is about 1300 degrees C. 
[0123] Subsequently, while heating Zr, evaporating it with an electron beam etc. and supplying a 
substrate front face, rare earth elements are supplied to a substrate front face a oxidizing gas and if 
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needed, and the thin film which makes Zr02 a principal component is formed. 0.01 or more nm/s of 
0.03 or more nm/s of membrane formation speed is 0.05 or more nm/s still more preferably more 
preferably, and they is 0.10 or less nm/s still more preferably 0.50 or less nm/s more preferably 1.00 or 
less nm/s. If membrane formation speed is too slow, it will become difficult to keep membrane 
formation speed constant, on the other hand, if membrane formation speed is too quick, the crystallinity 
of the thin film formed will become bad and irregularity will arise on a front face. 
[0124] For this reason, Zr02 In advance of the vacuum evaporationo of a thin film, it evaporates how 
much around unit time according to the electric-energy conditions added to the source of vacuum 
evaporationo, and Zr metal and a rare-earth-metal element measure whether those metals and the 
vacuum evaporationo film of an oxide are formed by the thickness gage installed near the substrate in a 
vacuum deposition tub, and proofread it. as the above-mentioned oxidizing gas - oxygen, ozone, atom- 
like oxygen, and N02 etc. ~ it can use Here, it explains as using oxygen below. By the nozzle prepared 
in the vacuum deposition tub, exhausting the inside of a tub continuously with a vacuum pump, by 2-50 
cc/, oxygen makes 5-25 cc oxygen gas for /inject continuously preferably, and even if few [ in a vacuum 
tub ], it makes the oxygen atmosphere of about 10-3 to 10 to 1 Torr near the single crystal substrate. The 
amount of optimal oxygen is decided by the size of a chamber, and the factor of a pumping speed and 
others, and calculates the suitable flow rate beforehand. The upper limit of oxygen gas pressure was set 
to 10-1 Torr for carrying out the vacuum evaporationo of the vapor rate uniformly here, without 
degrading the source of a metal in the evaporation source in this vacuum tub. Furthermore it faces 
introducing oxygen gas into a vacuum deposition tub, and oxygen gas is injected from the near on the 
front face of a single crystal substrate, it can be good to build the atmosphere of high oxygen tension 
only near near the single crystal substrate, and, thereby, the reaction on a substrate can be promoted 
more in the few amount of oxygen introduction. At this time, since the inside of a vacuum tub is 
exhausted continuously, almost all the portions of a vacuum tub are 10-4 - 10-6 Torr. It has a low 
pressure. 

[0125] Moreover, lcm2 of a single crystal substrate Although oxidation reaction can be promoted on a 
single crystal substrate by this method in the narrow field of a grade, substrate area is 2 10cm. Film 
production by the large area is iattained by rotating a substrate like drawing 1 , in order to form 
membranes in a big single crystal substrate area which is the above of 2 inches, for example, a diameter, 
and supplying a hyperoxia partial pressure all over a substrate. At this time, the rotational frequency of a 
substrate is lOrpm. It is desirable that it is above. When a rotational frequency is late, it is for the 
distribution of thickness to arise in a substrate side. Especially the upper limit of the rotational frequency 
of this substrate is usually mechanism top 120rpm of vacuum devices, although there is nothing. It is a 
grade. 

[0126] Furthermore, the epitaxial film which makes this Zr02 a principal component is used as a 
vacuum evaporationo substrate, BaTi03 film which is an orientation thin film further, SrTi03 film, or 
the dissolution body membrane of BaTi03 is formed, and how to obtain a laminating thin film is 
explained. Here, it explains taking the case of BaTi03. The above-mentioned vacuum evaporationo 
substrate which membrane formation of an oxide thin film completed is arranged and heated in the 
vacuum tub. It continues heating, introducing a oxidizing gas. 

[0127] Subsequently, it evaporates by heating Ba with an electron beam etc. Ba metal and a oxidizing 
gas are supplied to a single crystal substrate. Also supplying Ti by the same method simultaneously, the 
amount of supply is Ba:Ti=l:l. It is made to become and a BaTi03 epitaxial thin film is obtained. Here 
the temperature of the vacuum evaporationo substrate at the time of membrane formation and the Ba/Ti 
amount-of-supply ratio in early stages of membrane formation The stacking tendency of BaTi03 film is 
affected and the field orientation relationship of a BaTi03 epitaxial crystal is BaTiO3(001)// Zrl- 
xRx02. - delta(OOl)// Si (100), And BaTiO3[100]// Zrl-xRx02 - In order to form by delta[100]// Si 
[010], the heating temperature at the time of BaTi03 membrane formation has preferably desirable 900- 
1200 degrees C 800-1300 degrees C. It is within the limits of 0-1 nm thickness the early stages here of 
growth. 

[0128] As for the Ba/Ti amount-of-supply ratio in early stages of growth, it is desirable 0-1, and to be 
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preferably referred to as 0-0.8 by the mole ratio. It is shown that the reason which the Ba/Ti ratio set to 0 
here may supply only Ti in early stages of growth, the reason has too low heating temperature, or 
BaTi03 which will be formed if the Ba/Ti ratio in early stages of growth is not suitable again is taken as 
the purpose (001) orientation ~ not but (1 10) or it becomes orientation - or (001) Orientation BaTi03 
thin film (110) Orientation will be intermingled. When an early Ba/Ti ratio is too large, supplied Ba is 
Zr02 of a ground. BaTi03 which reacts and has the target orientation It is no longer obtained. Ba and 
Zr02 In order to avoid a reaction, it is desirable to **** to overTi in early stages of growth. If 
temperature is too high, counter diffusion of the cascade screen will be carried out, and crystallinity will 
fall. As for membrane formation speed, considering as 0.100 - 0.500 nm/s is preferably desirable 0.05 to 
1.00 nm/s. If the reason is too late, it will oxidize by the oxygen which the metaled evaporation source 
introduced, a vapor rate will become unstable, and composition of it will be impossible for regularity. 
Moreover, if too quick, the crystallinity of the thin film formed will be bad and unevenness will arise on 
a front face. For this reason, in advance of the vacuum evaporationo of BaTi03 thin film, it evaporates 
how much around unit time according to the electric-energy conditions added to the source of vacuum 
evaporationo, and Ba metal and Ti metal measure whether those metals and the vacuum evaporationo 
film of an oxide are formed by the thickness gage installed near the substrate in a vacuum deposition 
tub, and proofread it. In addition, although A site metal and B site metal exist as everyone knows also in 
other perovskites or a tungsten bronze, as for early supply, it is desirable at a perovskite to make it 0-1, 
and A/B especially set to 0-0.5 by zero to 0.8 and the tungsten bronze. 

[0129] as the above-mentioned oxidizing gas - oxygen, ozone, atom-like oxygen, and N02 etc. — it can 
use Here, it explains as using oxygen below. By the nozzle prepared in the vacuum deposition tub, 
exhausting the inside of a tub continuously with a vacuum pump, by 2-50 cc/, oxygen makes 5-25 cc 
oxygen gas for /inject continuously preferably, and even if few [ in a vacuum tub ], it makes the oxygen 
atmosphere of about 10-3 to 10 to 1 Torr near the single crystal substrate. The amount of optimal 
oxygen is decided by the size of a chamber, and the factor of a pumping speed and others, and calculates 
the suitable flow rate beforehand. The upper limit of oxygen gas pressure was set to 10-1 Torr for 
carrying out the vacuum evaporationo of the vapor rate uniformly here, without degrading the source of 
a metal in the evaporation source in this vacuum tub. Furthermore it faces introducing oxygen gas into a 
vacuum deposition tub, and oxygen gas is injected from the near on the front face of a single crystal 
substrate, it can be good to build the atmosphere of high oxygen tension only near near the single crystal 
substrate, and, thereby, the reaction on a substrate can be promoted more in the few amount of oxygen 
introduction. At this time, since the inside of a vacuum tub is exhausted continuously, almost all the 
portions of a vacuum tub have a low pressure of 10-4 - 10-6Torr. 

[0130] Moreover, lcm2 of a single crystal substrate Although oxidation reaction can be promoted on a 
single crystal substrate by this method in the narrow field of a grade, substrate area is 2 10cm. Film 
production by the large area is attained by rotating a substrate like drawing 1 , in order to form 
membranes in a big single crystal substrate area which is the above of 2 inches, for example, a diameter, 
and supplying a hyperoxia partial pressure all over a substrate. At this time, the rotational frequency of a 
substrate is lOrpm. It is desirable that it is above. When a rotational frequency is late, it is for the 
distribution of thickness to arise in a substrate side. Especially the upper limit of the rotational frequency 
of this substrate is usually mechanism top 120rpm of vacuum devices, although there is nothing. It is a 
grade. Thus, the laminating thin film of this invention is obtained. In addition, membrane formation of a 
metal epitaxial film follows a conventional method. 

[0131] As mentioned above, although the detail of the manufacture method was explained, since this 
manufacture method can be enforced especially in comparison of the conventional vacuum deposition 
method, the sputtering method, and the laser ablation method under the operating condition which does 
not have the room of mediation of an impurity so that clearly and which is moreover easy to control, it is 
suitable to obtain the specified substance with good repeatability and high integrity by the large area. 
Even if it furthermore uses MBE equipment for this method, the purpose thin film can completely be 
obtained similarly. 

[0132] Furthermore, the orientation film of a metal orientation film, perovskite material other than 
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BaTi03, or tungsten-bronze material can be formed on it at a multilayer. In this case, an orientation film 
can be formed also by the vacuum deposition, the sputtering method, and the sol gel process. 
[0133] In addition, you may give annealing after these orientation film formation if needed. For 
example, by oxide orientation films, such as Bi oxide film, although leak may increase according to an 
oxygen defect, by giving annealing in the oxidizing atmosphere of the air middle class, an oxygen defect 
can be reduced and insulation can be raised. 400-850 degrees C of annealing temperatures are 450-800 
degrees C more preferably, and annealing time is for 5 - 15 minutes more preferably for [ for / 1 second / 
- ] 30 minutes. In addition, when preparing an electrode layer on an oxide orientation film, annealing 
may be performed before the electrode stratification and may be performed after formation. 
[0134] For example, it is processed according to a semiconductor process with structure as it is, and the 
substrate for electron devices using the laminating oxide thin film and this which were obtained as 
mentioned above is conventional Si02. A nonvolatile memory is constituted by substituting by being 
constituted as the capacitor and the gate for DRAM, and also integrating with FET etc. according to a 
semiconductor process. An infrared sensor, an optical modulator, and optical-switch OEIC are 
constituted by being able to apply as a SOI device and forming the functional film of a superconductor 
by furthermore forming Si as a functional film on this substrate. Moreover, it is also applicable to 
SQUID, a Josephson device, a superconductivity transistor, an electromagnetic wave sensor, and the 
superconductivity wiring LSI. 
[0135] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0136] As a single crystal substrate into which an example 1 oxide thin film is grown up, cutting and Si 
single crystal wafer which carried out mirror polishing were used so that the front face might turn into a 
field (100). The mirror-plane front face performed etching washing by ammonium-fluoride solution 
after [ purchase ] 40%. In addition, the circular substrate with a SohmcmP type and a diameter of 2 
inches was used for Si substrate. 

[0137] After fixing the above-mentioned single crystal substrate to the substrate electrode holder 
equipped with the rotation and the heating mechanism which were installed in the vacuum tub and 
exhausting a vacuum deposition tub with an oil diffusion pump to 10-6Torr, in order to protect a 
substrate washing side using Si oxide, it is 20rpm about a substrate. It heated at 600 degrees C, having 
made it rotate and introducing oxygen near a substrate at 25 cc a rate for /from a nozzle. Here, Si oxide 
film is formed in a substrate front face by thermal oxidation. Si oxide film with a thickness of about lnm 
was formed by this method. 

[0138] Subsequently, 900 degrees C was made to heat and rotate a substrate after that. A rotational 
frequency is 20rpm. It carried out. At this time, by introducing oxygen gas at 25 cc a rate for /from a 
nozzle, and evaporating Metal Zr from an evaporation source on a substrate, it converted into the 
thickness of Zr metallic oxide, 5nm was supplied, and Si surface treatment substrate equipped with the 
surface structure of lxl was obtained. Drawing which measured this front face by RHEED is shown in 
drawing 3 . 

[0139] In drawing 3 , although measured in the direction of incidence [1 10], even if 90 degrees rotated, 
it was the completely same pattern. That is, it is checked that Si surface treatment substrate which 
carried out the stable surface structure of lxl is obtained. 

[0140] Furthermore, it is Zr02 of lOnm of thickness by supplying Metal Zr from an evaporation source 
at this Si surface treatment substrate top, after the substrate temperature of 900 degrees C and the 
rotational frequency have introduced oxygen gas at 25 cc a rate for /from 20rpm and the nozzle. The 
film was obtained on the aforementioned processing substrate. 

[0141] The result of the X-ray measured about the obtained thin film is shown in drawing 4 . In drawing 
4 , it is Zr02. The peak (002) is observed clearly. Zr02 It turns out that the crystal film which carried 
out orientation in the direction reflecting the crystal structure and symmetric property strongly is 
obtained, the peak seen all over drawing — the reflection only from one reflector ~ it is — especially — 
Zr02 In a film, it turns out in the conventional example that it is the film of high crystallinity of a single 
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stacking tendency which is not seen. Furthermore, the half-value width of the rocking curve of this 
reflection is 0.7 degrees (actual measurement), and it has also checked excelling in a stacking tendency. 
[0142] Furthermore, the RHEED pattern of this thin film is shown in drawing 5 . The direction of 
incidence of an electron ray showed the thing from [ of Si substrate ] [1 10]. As this result shows, the 
diffraction pattern on the front face of a thin film of this structure is a pattern which is completely a 
streak. This pattern that is completely a streak is Zr02. It expresses that it is what is excellent in 
crystallinity and front-face nature. The thing of crystallinity with the same completely said of a YSZ 
film and front-face nature was obtained. However, Zr02 The film showed 5 times as many high 
resistance as this compared with YSZ, and excelling in insulation made it clear. Moreover, the surface 
whole simultaneously is covered about Zr02 obtained film, and they are ten places and JIS. When the 
ten-point average of roughness height Rz (a criteria length of L:500nm) by B0610 was measured by 
AFM, it was [ on the average / in 0.70nm and the maximum ] flat at 0.95nm and the minimum on 
0.80nm or less and molecule level in 0.1 Onm and 90% of the measurement part. 
[0143] Thus, after the substrate temperature of 900 degrees C and the rotational frequency have 
introduced oxygen gas at 25 cc a rate for /from 20rpm and the nozzle on these vacuum evaporationo 
substrates by using Si single crystal substrate in which Zr02 obtained film was formed as a vacuum 
evaporationo substrate, they are Metal Ba and Metal Ti 1 :1 By supplying from an evaporation source at 
a rate, it is BaTi03 of 300nm of thickness. The film was obtained on the aforementioned vacuum 
evaporationo substrate. In early stages of membrane formation, it is only Ti Ti02 After supplying 0.5nm 
by thickness conversion, it supplies by setting Metal Ba and Metal Ti to 1 :1, and it is BaTi03. It is 
membrane formation speed further after 2nm membrane formation, using membrane formation speed as 
0.05nm / s 0.2 nm/s Speed was gathered and formed. 

[0144] BaTi03 obtained on the Zr02 film The result of the X-ray measured about the thin film is shown 
in drawing 6 . BaTi03 (001) and (002) the peak are clearly observed by drawing 6 . Orientation was 
strongly carried out in the direction reflecting the crystal structure of BaTi03, and symmetric property 
(001). It turns out that the crystal film is obtained. Especially these peaks are reflection only from one 
equivalent reflector, respectively, and it turns out that it is the film of high crystallinity of a single 
stacking tendency. Furthermore, the half- value width of the rocking curve of this reflection is 1.4 degree 
(actual measurement), and has also checked excelling in a stacking tendency. Moreover, BaTi03 
measured like the above Rz of a thin film was 0.45nm or less in all the measured parts. 
[0145] Furthermore, the RHEED pattern of this thin film is shown in drawing 7 . The direction of 
incidence of an electron ray showed the thing from [ of Si substrate ] [1 10]. As this result shows, the 
diffraction pattern on the front face of a thin film of this structure is a pattern which is completely a 
streak. This pattern that is completely a streak expresses that it is that BaTi03 excels [ that ] in 
crystallinity and front-face nature. Zr02 Zr02 stabilized instead of the film with a YSZ film and other 
rare-earth-metal elements (Sc is included) of Y It is BaTi03 completely similarly on a film. The film 
was obtained. 

[0146] The cross-section transverse-electromagnetic photograph of this thin film is shown in drawing 8 . 
drawing - a lower shell Si substrate, SiO two-layer, and Zr02 A film and BaTi03 It is formed in order 
of the film and each crystal lattice can be observed. Si02 A layer is an amorphous film and is Zr02. A 
film and BaTi03 While forming a film, it is thought that it was formed of diffusion of oxygen. This 
photograph to BaTi03 Zr02 It turns out that it is growing epitaxially directly that inclusion turns up. 
Moreover, Zr02 A grid and BaTi03 It turns out well that grid adjustment of the grid is carried out by 
3:4. Moreover, BaTiO 3 which are Si substrate, the thin film which makes a principal component Zr02 
which is an oxide thin film, and an orientation thin film The relation (namely, field orientation 
relationship) of the crystal face of a thin film A transverse-electromagnetic image, an X diffraction, and 
RHEED Shell BaTiO3(001)// Zrl-xRx02 - Being formed by delta(OOl)// Si (100), and BaTi03 
[100]//Zr l-xRxO2-delta[100]// Si [010] is checked. BaTi03 thin film obtained by this invention is 
BaTiO (001)3 which grew epitaxially on Si substrate. As a thin film, it realizes for the first time. 
Furthermore, it is SrTi03. And BaTi03 SrTi03 When it produced also about the solid solution using the 
same method and an X diffraction and RHEED estimated, the completely same epitaxial film was 
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obtained. 

[0147] Moreover, obtained BaTi03 About the used laminating thin film, when specific inductive 
capacity was measured, 1000 showed the high value. Moreover, when Pt electrode is formed in a 
cascade-screen front face, aluminum electrode is formed in Si substrate and a C-V property is measured, 
a hysteresis as shown in drawing 9 is acquired, and a hysteresis band is 0.2V, namely, it means that the 
memory window of 0.2V was obtained. 

[0148] Furthermore this property was used, the element which used the laminating thin film for the gate 
oxide film of FET was produced, and memory operation was checked. 

[0149] Thickness of BaTi03 is set to 50nm in the example 2 above-mentioned example 1, and, for 
thickness, composition is SrO.25BaO.75Nb 206 at 300nm on it. SBN The thin film was formed at the 
substrate temperature of 800 degrees C by sputtering, and SBN (001)/BaTiO3 (001) / laminating thin 
film of Zr02 (001)/Si (100) was obtained. The result of the X-ray measured about the thin film is shown 
in drawing 10 . Only reflection by the c-th page is obtained and it turns out that it is a single orientation 
film. Moreover, RHEED was shown in drawing 1 1 . A RHEED pattern is SBN obtained from these 
although it was not a streak. It turns out that it is the thin film in which the thin film has good 
crystallinity by the c-th page single orientation film. SBN is completely replaced similarly and it is 
composition PbO.38BaO.62Nb 203. PBN A thin film is formed and they are PBN/(001) BaTi03 (001) / 
Zr02 (001)/Si (100). The laminating thin film was obtained. In PBN, substrate temperature was set as 
650 degrees C, and was formed. The result of the X-ray measured about the obtained thin film is shown 
in drawing 12 . It turns out that it is c-th page single orientation like [ PBN ] SBN. in addition - what 
formed the SBN thin film at the substrate temperature of 900 degrees C - the c-th page single 
orientation from RHEED measurement and transverse-electromagnetic evaluation — and a 
crystallographic-axis orientation relationship with Si substrate - SBN[100]// Si [010] it is - things were 
understood 

[0150] PZT (001)/BaTiO3 (001) / laminating thin film of Zr02 (001)/Si (100) was obtained like 
example 3 example 2. Thickness of BaTi03 is set to 50nm, and it is PZT. Thickness was set to 300nm. 
PZT was annealed at 700 degrees C after formation and among air with the substrate temperature room 
temperature by sputtering for 10 minutes, and obtained the crystallization film. 

[0151] The result of the X-ray measured about the thin film is shown in drawing 13 . Only reflection by 
the c-th page of PZT is obtained, and it turns out that it is a single orientation film. Moreover, the C-V 
property was shown in drawing 14 . This drawing shows that a hysteresis is seen and the memory 
window which is about 0.5V is obtained. This property was used, the element (MFIS structure) was 
produced for this laminating thin film as a gate oxide film of a transistor (FET), and memory operation 
was checked. 

[0152] They are Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) like example 4 example 2. The laminating 
thin film was obtained. Thickness of BaTi03 was set to lOOnm, and thickness of Pt was set to lOOnm. Pt 
was formed at the substrate temperature of 700 degrees C by vacuum evaporationo. 
[0153] The result of the X-ray which measured the cross-section transverse-electromagnetic photograph 
about the laminating thin film about the thin film to drawing 15 again is shown in drawing 16 . 
Moreover, RHEED was shown in drawing 17 . Epitaxial Pt which has good membraneous quality from 
these (001) It turns out that it is obtained. Instead of Pt, the epitaxial film which has good membraneous 
quality like the crystal Pt similarly produced about Ir, Os, Re, Pd, Rh, Ru, and those alloys (Pt alloy is 
also included) was obtained. 

[0154] 300nm of BaTiO(s)3 is further formed on Pt of example 5 example 4, and they are composition 
BaTi03 (001) / Pt(001)/BaTiO3 (001) / Zr02 (001)/Si (100). The laminating thin film was obtained. 
RHEED, the X diffraction, and D-E hysteresis ultimate lines of this thin film were shown in drawing 
18 , drawing 19 , and drawing 20 , respectively. An X diffraction to BaTi03 It can check that a film is a 
c-th page single orientation film, and RHEED shows that the axial orientation relationships with Si 
substrate are BaTiO3[100]// Si [010]. Moreover, Rz measured like the above was 0.50nm or less in all 
the measured parts. An D-E hysteresis is BaTi03. The vacuum evaporationo of the Pt electrode is 
carried out on a film, and it is this electrode and BaTi03. Pt (001) film of a membranous ground was 
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used as the electrode, and it measured using the SOYA tower circuit. The same electrode as D-E 
hysteresis measurement is used for specific inductive capacity, and it is 100kHz by the impedance 
analyzer. It was 1000 when measured. Furthermore this D-E hysteresis was used, the memory cell was 
produced on Si substrate with FET, and memory operation was checked. 

[0155] SBN and PBN (it is the same as an example 2) are further formed on Pt of example 6 example 4 
at the thickness of 300nm, and they are the laminating thin film of composition SBN(001)/Pt 
(001)/BaTiO3 (001) / Zr02 (001)/Si (100) and PBN/(001) Pt(001)/BaTiO3 (001) / Zr02 (001)/Si (100). 
The laminating thin film was obtained. However, SBN and substrate temperature at the time of PBN 
formation were made into 800 degrees C and 650 degrees C, respectively, and performed annealing 
processing for 10 minutes at 750 degrees C after formation and into air. RHEED, the X diffraction, and 
D-E hysteresis ultimate lines of a SBN thin film were shown in drawing 21 , drawing 22 , and drawing 
23 , respectively. The X diffraction of a PBN thin film was shown in drawing 24 . An X diffraction 
shows that SBN and a PBN thin film are c-th page single orientation films, the axial orientation 
relationship with RHEED to Si substrate - SBN[100]// Si [010] PBN[100]// Si [010] it is - things were 
understood SBN was [ 200 and PBN of specific inductive capacity ] 310. Furthermore this D-E 
hysteresis was used, the memory cell was produced on Si substrate with FET, and memory operation 
was checked. 

[0156] BaTi03 (001) / Zr02 (001) / Si (100) cascade screen, and Pt (001)/BaTiO3 (001) / Zr02 (001)/Si 
(100) of an example 4 that set thickness of BaTi03 to 50nm in example 7 example 1 The cascade screen 
was produced and it considered as these substrates. However, at examples 1 and 4, it is Zr02. Although 
membranous membrane formation speed was made into 0.06 nm/s, in this example, it considered as 0.03 
nm/s. Consequently, Zr02 The membranous above Rz was 0.80nm or less in all the measured parts, and 
was 0.40nm or less in 80% of the measurement part. 

[0157] A substrate is heated to 700 ** in a vacuum tub, and it is 20rpm. It was made to rotate. And it is 
Bi4Ti 3012 of 300nm of thickness by introducing radical oxygen gas at ten cc a rate for /from the 
source of efficient consumer response oxygen, and evaporating Bi 203 and TiOx (x= 1 .67) from each 
evaporation source on a substrate. The oxide film was formed. The supply from an evaporation source is 
Bi 203. : It carried out controlling so that the mole ratio of TiOx is set to 2:3. This obtained the 
laminating thin film of Bi4Ti3012 / BaTi03 (001) / Zr02 (001)/Si (100), and Bi4Ti3012 / Pt 
(001)/BaTiO3 (001) / Zr02 (001)/Si (100). 

[0158] To drawing 25 , it is RHEED of Bi4Ti3012 / Pt(001)/BaTiO3 (001) / Zr02 (001)/Si (100). The 
result of an X diffraction is shown for a pattern in drawing 26 . Obtained Bi4Ti 3012 From an X 
diffraction, it is a c-th page single orientation film, and can check that it is an epitaxial film from 
RHEED, and the orientation relationship with Si substrate is Bi4Ti 3012 further. It turns out that they 
are [100]// Si [010]. In addition, BaTi03 (001) Bi4Ti 3012 formed on the film Also about the film, the 
result of an X diffraction and RHEED was the same. 

[0159] Moreover, Pt electrode is formed in the sample front face of Bi4Ti3 012(00 l)/BaTi03 
(001)/ZrO2(001)/Si (100) structure, aluminum electrode is formed in Si substrate, and it is C-V. When a 
property is measured, a hysteresis as shown in drawing 27 is acquired, and a hysteresis band is 0.3V, 
namely, it means that the memory window of 0.3 V was obtained. Furthermore this property was used, 
the element which used the laminating thin film for the gate oxide film of FET was produced, and 
memory operation was checked. 

[0160] Example BaTi03 (001) / Zr02 (001) / Si (100) cascade screen, and Ir (001)/BaTiO3 (001) / 
Zr02 (001)/Si (100) of an example 4 that set thickness of BaTi03 to 50nm in eight examples 1 The 
cascade screen was produced and these were made into the substrate. However, Zr02 of these substrates 
Membranous formation conditions presupposed that it is the same as that of an example 7. 
[0161] A substrate is heated to 700 ** in a vacuum tub, and it is 20rpm. It was made to rotate. And 
radical oxygen gas is introduced at ten cc a rate for /from the source of efficient consumer response 
oxygen, and they are Bi 203, Sr metal, and Nb 205 on a substrate. By making it evaporate from each 
evaporation source, the Bi2SrNb209 oxide film of 300nm of thickness was formed. The supply from an 
evaporation source is Bi 203. : It carried out controlling so that the mole ratio of Sr:Nb 205 is set to 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/21/2003 



Page 25 of 25 



1:1:1. This obtained the laminating thin film of 09/BaTi03 (001) /Zr02 (001)/Si (100), and 209/Ir 
(001)/BaTiO3 (001) of Bi2SrNb2Bi2SrNb(s) / Zr02 (001)/Si (100). 

[0162] To drawing 28 , it is RHEED of Bi2SrNb209 / Ir(001)/BaTiO3 (001) / Zr02 (001)/Si (100). The 
result of an X diffraction is shown for a pattern in drawing 29 . Obtained Bi2SrNb 209 can check that it 
is a c-th page single orientation film, and is an epitaxial film from RHEED from an X diffraction, and it 
turns out further that the orientation relationships with Si substrate are Bi2SrNb2O9[100]// Si [010]. 
BaTi03 (001) Also about 20Bi2SrNb9 film formed on the film, the result of an X diffraction and 
RHEED was the same. 

[0163] Moreover, Bi2SrNb2O9(001)/BaTiO3 (001) / Zr02 (001)/Si (100) Among air, the sample of 
structure is formed in a front face after 650 degrees C and annealing during 10 minutes, aluminum 
electrode is formed in Pt electrode and Si substrate, and it is C-V. When a property is measured, a 
hysteresis as shown in drawing 30 is acquired, and a hysteresis band is 0.35V, namely, it means that the 
memory window of 0.35V was obtained Furthermore this property was used, the element which used the 
laminating thin film for the gate oxide film of FET was produced, and memory operation was checked. 
[0164] in addition - the perovskite film of others [ effect / above ] other than the above, a tungsten- 
bronze film, or other conductive epitaxial layers and oxide thin films of the quality of the material other 
than the above — the same — realization — the bottom 
[0165] 

[Effect of the Invention] The manufacture method by this invention is epitaxially grown BaTiO (001)3. 
It is Zr02 about c plane orientation simple perovskite thin films, such as a thin film, etc. It makes it 
possible to obtain on Si substrate through the oxide thin film made into a principal component. It is the 
operating condition without the room of mediation of an impurity which is moreover easy to control, 
and it can form in the large area of the whole substrate surface with a diameter of 2 inches or more with 
sufficient repeatability quality further, and utility value is industrially high. Specifically, it is processed 
according to a semiconductor process by the laminating diaphragm structure as it is, and is conventional 
Si02. It can constitute as the capacitor and the gate for DRAM by substituting. Non- volatile memory, an 
infrared sensor, an optical modulator, an optical switch, OEIC and SQUID, a Josephson device, a 
superconductivity transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI are 
producible by being able to apply as a SOI device and using the property of a ferroelectric and a 
superconductor by furthermore forming Si as a functional film on this substrate. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The electron device which formed the superconductivity film or the 
dielectric film on the semiconducting-crystal substrate which is mainly Si single crystal substrate, and 
was integrated is devised. By combining a semiconductor, a superconductor, or a dielectric, the 
dielectric separation LSI by still higher LSI of a degree of integration and SOI technology, a nonvolatile 
memory, an infrared sensor, an optical modulator and an optical switch, OEIC (opto-electronic 
integrated circuit : opto-electronic integrated circuits), etc. are made as an experiment in the combination 
of a semiconductor and a superconductor with semiconductors, such as SQUID, a Josephson device, a 
superconductivity transistor, an electromagnetic wave sensor, and the superconductivity wiring LSI, and 
the dielectric. 

[0003] In the semiconductor device using these superconductors material or dielectric materials, in order 
to secure the optimal device property and its repeatability, it is required to use a single crystal as 
superconductor material and dielectric materials. In the polycrystalline substance, it is difficult to obtain 
a good device property because of the disturbance of the physical quantity by the grain boundary. This is 
the same also about a thin film material, and the superconductivity near the most perfect possible single 
crystal or a dielectric epitaxial film is desired. 

[0004] The crystal structure of the main oxides superconductors and ferroelectrics which are 
applicatively worthy has taken the perovskite structure. Now, it is impossible for epitaxial growth of a 
perovskite type oxide to be greatly dependent on the material and crystal orientation of a substrate, and 
to grow a perovskite type oxide epitaxially directly to up to Si substrate, then, YSZ (Zr02 — Y) which 
grew epitaxially to Si substrate It is Appl.Phys.Lett, Vol.54, No.8, p.754-p.756 (1989), and Japanese to 
prepare the buffer layer by the doped material and to grow epitaxially on it the superconduction film of 
YBCO [ which is a perovskite type oxide ], and Bi system. Journal of Applied It is stated to Physics, 
Vol.27, No.4, L634-635 (1988), and JP,2-82585,A. 

[0005] Especially YSZ has good Si crystal and grid adjustment of a substrate, and since grid adjustment 
with a perovskite crystal is also further excellent, the YSZ film on Si substrate attracts attention as buffer 
material of Si substrate and a perovskite crystal film from early. 

[0006] however, the perovskite type oxide crystal by which direct epitaxial growth is realized in this 
way until now using the YSZ buffer layer - YBa2 Cu 307-x (YBCO), BiSrCaCu2 Ox, and LaSrCo03 
etc. — it is — it is a compound perovskite altogether A compound perovskite is K2 NiF4 which is 
deformation of a simple perovskite. Type and Nd2 Cu04 Type and Sr3 Ti 207 The crystal structure of 
type etc. is taken. Such a compound perovskite has the strong anisotropy of an a-axis and c axis to c 
shaft orientations with long period structure. Therefore, a c axis stacking tendency is strong, and it is 
easy to obtain the epitaxial film of c axis orientation, using a substrate as the c-th page. 
Appl.Phys.Lett.57 (1 1) It is stated to 1 161-1 163 (1990). The field orientation relationship of an epitaxial 
film is YBCO(001)//YSZ(001)// Si (100), and YBCO[l 10]//YSZ[100]//Si. [010] Becoming, the unit 
lattice of YBCO is YSZ. 45 degrees rotates within the c-th page to a grid, adjustment of a grid can be 
taken, and it grows epitaxially. 

[0007] However, by examination of artificers, the material based on simple perovskite structures, such 
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as BaTi03, SrTi03, PbTi03, PZT, and PLZT, is . For example, in BaTi03, it is YSZ about the unit 
lattice of BaTi03 like BaTiO3(001)//YSZ(001)// Si (100), and BaTi03[l 10]//YSZ[100]//Si [010]. It is c 
to a grid. It was impossible for 45 degrees to have rotated in a field, to have been able to take adjustment 
of a grid, and to have made it grow epitaxially. Moreover, there is also no report from other researchers. 
[0008] The material based on simple perovskite structures, such as BaTi03, SrTi03, PbTi03, PZT, and 
PLZT, has [ this ] a small anisotropy at a perovskite structure with a simple unit lattice. Therefore, 
orientation (001) growth (1 10) of a simple perovskite structure rather than it rotates and carries out grid 
adjustment in a field It thinks because it becomes orientation and grid adjustment is taken. Therefore, 
simple perovskite structure (001) An orientation epitaxial film is not obtained. 

[0009] By the way, BaTi03, PbTi03, PZT, PLZT, etc. are ferroelectrics, and can realize a nonvolatile 
memory by combining with a semiconductor device. Although this memory uses the polarization 
reversal of a ferroelectric, the polarization shafts of ferroelectrics, such as BaTi03, PbTi03, PZT, and 
PLZT, are c shaft orientations of a perovskite structure. Therefore, in order to use the ferroelectric film 
of these for memory (001), it is. It is necessary to use an orientation film. However, as mentioned above, 
when the material of simple perovskite structures, such as BaTi03, PbTi03, PZT, and PLZT, is formed 
through YSZ on Si (001) The epitaxial film of orientation was not obtained until now., 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing one example of the vacuum evaporationo equipment used for the 
manufacture method of the substrate for electron devices of this invention. 

[Drawing 2] (a) is the ** type view showing the RHEED pattern of the surface structure of lxl, and (b) 
is the ** type view showing a RHEED pattern in case 2x1, 1x2, or these are being mixed. 
[Drawing 3] It is the drawing substitution photograph in which the surface structure of Si substrate 
which has the surface structure of lxl formed of Zr metal and oxygen is shown, and is the diffraction 
pattern which shows a RHEED pattern and carried out incidence of the electron ray from Si single 
crystal [110]. 

[Drawing 4] Zr02 obtained on Si (100) substrate It is the X diffraction view of a membrane structure. 
[Drawing 5] Zr02 obtained on Si (100) substrate It is the drawing substitution photograph in which the 
crystal structure is shown, and is drawing showing the RHEED diffraction pattern at the time of carrying 
out [ of Si single crystal substrate ] incidence of the electron ray from [110]. 

[Drawing 61 Zr02 (001)/Si (100) It is the X diffraction view of BaTi03 film obtained on the substrate. 
[Drawing 7] Zr02 (001)/Si (100) It is the drawing substitution photograph in which the crystal structure 
of BaTi03 film obtained on the substrate is shown, and is drawing showing the RHEED diffraction 
pattern at the time of carrying out [ of Si single crystal substrate ] incidence of the electron ray from 
[110]. 

[Drawing 8] Zr02 (001)/Si (100) It is the cross-section transverse-electromagnetic photograph of 
BaTi03 film obtained on the substrate. 

[Drawing 9] It is the C-V property of a BaTi03/Zr02/Si laminated structure (MOS structure). 
[Drawing 10] BaTi03 (001) / Zr02 (001)/Si (100) It is the X diffraction view of the SBN film obtained 
on the substrate. 

[Drawing 11] BaTi03 (001) / Zr02 (001)/Si (100) It is the drawing substitution photograph in which the 
crystal structure of the SBN film obtained on the substrate is shown, and is [1 10] of Si single crystal 
substrate. It is drawing showing the RHEED diffraction pattern at the time of carrying out incidence of 
the electron ray from a direction. 

[Drawing 12] BaTi03/Zr02/Si (100) It is the X diffraction view of the PBN film obtained on the 
substrate. 

[Drawing 13] BaTi03 (001) / Zr02 (001)/Si (100) It is the X diffraction view of the PZT film obtained 
on the substrate. 

[Drawing 14] It is the C-V property of PZT(001)/BaTiO3 (001) / Zr02 (001) / Si (100) laminated 
structure (MOS structure). 

[Drawing 15] BaTi03 (001) / Zr02 (001)/Si (100) It is the cross-section transverse-electromagnetic 
photograph of Pt film obtained on the substrate. 

[Drawing 16] BaTi03 (001) / Zr02 (001)/Si (100) It is the X diffraction view of Pt film obtained on the 
substrate. 

[Drawing 17] BaTi03 (001) / Zr02 (001)/Si (100) It is the drawing substitution photograph in which the 
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crystal structure of Pt film obtained on the substrate is shown, and is [1 10] of Si single crystal substrate. 
It is drawing showing the RHEED diffraction pattern at the time of carrying out incidence of the 
electron ray from a direction. 

[Drawing 181 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the drawing substitution photograph in 
which the crystal structure of BaTi03 film obtained on the substrate is shown, and is [1 10] of Si single 
crystal substrate. It is drawing showing the RHEED diffraction pattern at the time of carrying out 
incidence of the electron ray from a direction. 

Prawing 191 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the X diffraction view of BaTi03 film 
obtained on the substrate. 

[Drawing 201 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the D-E hysteresis characteristic of 
BaTi03 film obtained on the substrate. 

Prawing 211 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the drawing substitution photograph in 
which the crystal structure of the SBN film obtained on the substrate is shown, and is [1 10] of Si single 
crystal substrate. It is drawing showing the RHEED diffraction pattern at the time of carrying out 
incidence of the electron ray from a direction. 

[Drawing 221 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the X diffraction view of the SBN film 
obtained on the substrate. 

[Drawing 231 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the D-E hysteresis characteristic of the 
SBN film obtained on the substrate. 

[Drawing 241 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the X diffraction view of the PBN film 
obtained on the substrate. 

[Drawing 251 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) Bi4Ti 3012 obtained on the substrate It is 
the drawing substitution photograph in which the membranous crystal structure is shown, and is [1 10] of 
Si single crystal substrate. It is drawing showing the RHEED diffraction pattern at the time of carrying 
out incidence of the electron ray from a direction. 

[Drawing 261 Pt (001)/BaTiO3 (001) / Zr02 (001)/Si (100) Bi4Ti 3012 obtained on the substrate It is a 
membranous X diffraction view. 

[Drawing 271 It is the C-V property of a Bi4Ti3O12(001)/BaTiO3(001)/ZrO2(001)/Si (100) laminated 
structure (MOS structure). 

[Drawing 28] Ir (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the drawing substitution photograph in 
which the crystal structure of 20Bi2SrNb9 film obtained on the substrate is shown, and is [1 10] of Si 
single crystal substrate. It is drawing showing the RHEED diffraction pattern at the time of carrying out 
incidence of the electron ray from a direction. 

[Drawing 291 Ir (001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the X diffraction view of 20Bi2SrNb9 
film obtained on the substrate. 

[Drawing 30] Bi2SrNb2O9(001)/BaTiO3 (001) / Zr02 (001)/Si (100) It is the C-V property of a 
laminated structure (MOS structure). 
[Description of Notations] 

1 Vacuum Evaporationo Equipment 
la Vacuum tub 

2 Single Crystal Substrate 

3 Electrode Holder 

4 Axis of Rotation 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Oxidizing Gas Feed Hopper 

9 Ba Evaporator 

10 Ti Evaporator 

1 1 Zr Evaporator 

12 Rare-Earth-Metal Element Evaporator 
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P Vacuum pump 
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DRAWINGS 

[Drawing 11 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 8] 
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[Drawing 10] 
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[Drawing 27] 
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[Drawing 21] 
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[Drawing 231 
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